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Abstract
Benjamin Whorf (1921) proposed that the language we speak affects the way we see and 
think about the world. Some recent theories (e.g. Lupyan, 2010) have suggested that 
language may be able to actively affect perception by top-down feedback or by permanent 
changes to the visual system. Colour perception has provided a furtive testing ground for this 
Whorfian debate. Research has indicated that colour categories in language (colour terms) 
may actually affect perception by causing colours from different categories to become easier 
to discriminate than equivalently different colours from the same category. Recently, three 
lines of evidence have supported the argument that these category effects are Whorfian.
First, it has been argued that category effects in colour perception are lateralised to the 
language dominant left hemisphere (the ‘Lateralised W horf effect proposed by Gilbert et al.,
2006). Second, studies have found that category effects are eliminated when participants are 
required to verbally rehearse nonsense words whilst discriminating colours (verbal 
interference). Third, there is evidence for cross-linguistic differences in category effects, 
including neurophysiological evidence for these differences. This thesis systematically 
investigates these three lines of evidence in a series of experiments, and aims to test 
assumptions, add adequate control conditions, and approach the issue from new angles. 
Chapter 1 reviews the evidence and background to the contemporary debate. Chapter 2 
presents a series of experiments which further investigated the ‘Lateralised W horf effect. 
Serious issues were found with the validity underlying this effect and the findings suggest it 
may in fact arise from a natural bias in attention allocation rather than an influence of 
language. Chapter 3 examines the effects of verbal interference with findings suggesting that 
verbal interference is not a reliable method to infer the involvement of language in perceptual 
processing. Chapter 4 explores cross-cultural differences in colour category effects. Category 
effects for Greek and English speakers were compared for a lexical distinction present in the 
Greek colour lexicon that is absent in English. In a series of experiments, including an event- 
related potential study, no effects of language on colour processing were found. Overall, the 
findings question the role of language in the early perceptual processing of colour. Whorfian 
effects may be restricted to memory effects and interactions with response processes. The 
thesis has implications for the fundamental issue of how language and perception interact 
more generally.
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Chapter 1: General Introduction
1.1. Overview
The principle of linguistic relativity holds that the way we think about and perceive the world 
is shaped by the language we use to describe it. This view was famously espoused by 
Edward Sapir and then Benjamin Whorf and has since become known as the Sapir-Whorf 
hypothesis (e.g. Sapir, 1921; Whorf, 1956). The idea behind the principle is that aspects of 
what we perceive and think about are determined by linguistic categories. Functionally, this 
account is appealing because humans communicate via language, so it may conceivably help 
to see categories in the world in a more similar way to others around us. The extent to which 
linguistic relativity applies to perception has been hotly debated in recent years, especially for 
the domain of colour (Regier & Kay, 2009). One of the main questions to arise is whether 
despite many similarities in general colour perception, do individuals experience the 
categories of colour as a result of language? Or more generally, do the colour categories of 
the language we speak affect the way we see colour?
Most would agree that the ‘quality’ or ‘identity’ of colours seems to change when moving 
through different linguistic categories. For example, colours like ‘red’ and ‘green’ seem very 
different somehow, whereas ‘navy’ and ‘cyan’ seem to share some sort o f ‘blueness’ at a very 
basic level. Berlin and Kay (1969) were the first to show that a large number of languages in 
fact share a common structure in the way areas of the visible gamu of colours are reliably 
identified as separate categories, allowing easy translation between very diverse cultures. 
Although there are cross-cultural differences in colour terms (for instance many cultures do 
not have separate words for blue and green), there are a lot of shared properties. Berlin and 
Kay (1969) demonstrated that most languages’ colour terms evolve in a similar order, ending 
in a maximum set of eleven ‘basic colour terms’ which in English are ‘black’, ‘white’, ‘red’, 
‘green’, ‘yellow’, ‘blue’, ‘purple’, ‘orange’, ‘grey’, ‘brown’, ‘pink’ -  with a few possible 
exceptions (e.g. Greek / Russian appear to have twelve basic colour terms; see Paramei,
2007). A later extensive study, ‘the World Colour Survey’, which gathered naming data from 
110 languages, confirmed these findings, that the world’s languages generally name colours 
in a fairly predictable way. One possible reason for this shared conceptual structure could be 
that the same categories emerge in multiple languages because some universal perceptual 
attributes are being labelled. In this case the words are labelling categories which for some 
reason are already there (e.g. Kay & Regier, 2003). Another possibility is that over time 
languages have learnt to agree on what are largely arbitrary distinctions. Since estimates for
the number of colours that the human visual system can discriminate range from between 1 
million (Kaiser & Boynton, 1996) and 7 million (Zeki, 1993), the function of categorizing 
colours could be to reduce the amount of information needed to be able to communicate 
adequately. Thus, in learning these arbitrary distinctions, certain colours could appear more 
‘different’ as a result. This would possibly grant language the ability to fundamentally change 
the way we see colour in the world (e.g. Gilbert et al., 2006; Thierry et al., 2009). If 
language does after all affect perception then it would have far reaching consequences not 
only for thinking about colour, but perception as a whole.
Classically the domain of perception has largely been thought to be free from the effects of 
language, but a recent trend has begun to question this (e.g. Lupyan, 2008; 2012). It is 
possible that the basic colour terms of our language may be able to fundamentally affect our 
perception, and that it is because of language we see colour categorically. Categorical 
perception is a phenomenon whereby two colours that cross a colour category boundary 
appear more distinct on some behavioural measure than two colours that don’t cross a colour 
category boundary. More specifically, the term refers to easier discrimination of two colours 
from adjacent categories than discrimination of equivalently spaced colours in the same 
category (e.g. Hamard, 1987). Much evidence of categorical perception has been found in 
colour (e.g. Bomstein & Korda 1984; Danilova & Mollon, 2012; Daoutis, Pilling, & Davies, 
2006; Roberson & Davidoff, 2000; Witzel, Hansen & Gegenfurtner, 2009; Yokoi & 
Uchikawa, 2005). For instance Daoutis et al. (2006) demonstrated that when searching for a 
coloured target, the categorical status of the distractors matters. Specifically, when the target 
belongs to a different category to the distractors (e.g. a blue amongst greens) then it is easier 
to find, compared to when the target belongs to the same category as the distractors (e.g. a 
blue amongst different blues), even when the physical differences between the target and both 
types of distractors are equal. Despite the presence of categorical effects, it is not clear 
whether it is language that causes these effects.
There is much research which suggests that colour categories may arise without the influence 
of language, but recently, direct evidence that this may not be the case has emerged from 
three main sources: i) hemispheric latéralisation of colour categorical perception tying 
categories to left hemisphere (LH) language brain areas (e.g. Drivonikou et al., 2007; Gilbert 
et al., 2006); ii) verbal interference effects on colour categorical perception implying 
language involvement (Gilbert et al., 2006; Roberson & Davidoff, 2000); iii) perceptual 
differences found in cross-cultural studies (Roberson, Pak & Hanley, 2008; Thierry et al..
2009; Winawer et al., 2007); all of which will be discussed below. If language can after all 
affect perception then different populations may be seeing the world in a different way as a 
result of the categories they use. The current introductory chapter will provide a theoretical 
background to the debate leading to the contemporary issues currently being investigated. It 
will start by examining theories for why colour categories may arise, either from properties of 
the visual apparatus, statistical variation of the visual environment or language. Following 
this the contemporary debate on the linguistic cause of colour categorical perception will be 
discussed, introducing the main contribution of this thesis: to closely examine the evidence 
that colour perception is affected by language.
1.2. Colour perception and the unique hues
The perception of colour is one of the most familiar things in the world, the “paradigm 
example of visual experience” (Chalmers, 1996, p. 15), yet we are blind to the complexity of 
the process by which our inner representation of colour relates to the properties of a physical 
surface. What does colour tell us? Something about the way a surface reflects light, and this 
information has proved important enough for nearly every language in the world to have 
words that can be said to describe it (Kay & Maffi, 1999). Despite this, our sense of colour is 
remarkably abstract compared to the physical states it is related to. From the infinite 
potential combinations of photons of different wavelengths that exist, our visual system relies 
on three broad photon capturing sieves — the photo-pigments of short, medium and long 
wavelength cones — to tell us how that surface is reacting to light. However, downstream 
across the billions of neurons that make up the visual system of the brain, many changes from 
this raw information will occur, transforming it into what we experience.
The colour of an object enhances its identification (Zaidi, Yoshimi, Flanigan & Cano va,
1992), and helps us to organise the visual scene we see (Abramov & Gordon, 1994; Shevell 
& Kingdom, 2008). With colour being such a salient aspect of our visual experience, it is not 
that surprising that so many languages have words to describe colour. Being able to 
communicate about it allows us to communicate our preferences; which colour to paint our 
walls or what colour t-shirt we like. It also allows us to direct others to objects that are 
particularly distinguishable by their colour, such as the yellow phone book. Without an 
established way of mapping words to our visible spectrum, none of this would be possible. 
Therefore it is not surprising that individuals within a culture have a similar way of 
categorising visible colours (Berlin & Kay, 1969).
The question of this thesis relates to whether colour categories in language affect perception. 
However, before reviewing the evidence for linguistic relativity in colour categories, it is 
helpful to review evidence which may suggest universality. If colour categories arise in a 
similar way between individuals regardless of their linguistic experience, then linguistic 
relativity may be shown to be wrong. Historically, researchers have sought low-level 
theories for the phenomena of the ‘unique hues’ which are ‘red’, ‘yellow’, ‘green’, ‘blue’, 
which alongside ‘black’ and ‘white’, constitute the most common categories in Berlin and 
Kay’s (1969) survey. Two approaches are discussed; trichromatic theory and opponency 
theory, which have both offered insight into possible ways in which these fundamental 
categories may emerge, but it will be seen that low-level vision simply alone cannot account 
for them.
1,2.1. Trichromatic theory
The question as to the origin of different colour sensations and particular colour categories 
has been investigated for many years. Often implicit in these texts is an assumption that the 
colour words for the primary colours (e.g. red, yellow, green and blue) are describing 
qualitatively unique sensations, rather than what could potentially be completely arbitrary 
distinctions along a continuous natural spectrum of visible light. Young (1802), in what has 
been described as ‘one of the best guesses in the history of science’ (Wooten & Miller 1997, 
p.63), stated that there were three types of receptor for colour, based on the reasoning that 
there had to be a restricted number of ‘retinal particles’ in the retina to achieve decent acuity. 
Later Helmholtz (1885) used colour matching experiments to demonstrate that the three 
receptor types corresponded to the separate ‘red’, ‘green’ and ‘blue’ sensations with a 
combination o f ‘green’ and ‘blue’ leading to the ‘yellow’ sensation. He found that 
participants could only match all colours in the visible spectrum using a combination of three 
lights and therefore reasoned that three channels were needed. This theory of there being 
three channels or dimensions to colour, known as ‘trichromatic theory’, has been widely 
accepted but only relatively recently. This was accomplished by examining the light 
reflected back from individual cones under a microscope, in order to deduce which 
wavelengths were absorbed (e.g. Schnapf, Kraft & Baylor, 1987). The resultant bands of 
sensitivity for the cones had peaks which roughly corresponded to the sensations of ‘red’, 
‘blue’ and ‘green’. However, taking into account the fact that colour categories do not arise 
from cones in a simple way and because the physical nature of light is continuous rather than 
categorical, they are more commonly referred to as L, M and S (long, medium and short
wavelength) cones. These three types of cones are sensitive to different ranges of overlapping 
wavelengths, but with peak sensitivities at 560 run, 530 run and 430 run respectively 
(Boynton, 1979).
1.2.2. Opponency theory
Alongside ‘trichromatic theory’ a separate theory of colour vision emerged in the 19^  ^
century, from Hering, after noticing the phenomenon of afterimages. He observed that 
viewing a red plane of colour resulted in a green afterimage, and that observing a yellow 
plane resulted in a blue afterimage. In addition, he noticed that certain colours appeared to be 
easily visualised as mixtures of primaries (e.g. bluish green), whereas other hypothetical 
mixtures were not so (e.g. reddish green), which would suggest they are opponents. He 
proposed two channels of colour, again based on the primaries, a red-green channel and a 
blue-yellow. This also later found support in modem research with the discovery of 
‘opponent cells’ in the lateral geniculate nucleus (LGN), which appeared to be excited by one 
colour and inhibited by the opposite (De Valois, 1960). Additionally, hue-cancellation 
experiments (e.g. Hurvich & Jameson, 1957; Werner & Wooten, 1979) demonstrated that all 
colours could be adequately perceived as mixtures of four primaries; red, yellow, green and 
blue. In these hue-scaling experiments, participants typically describe the appearance of 
colours from the visible spectmm by assigning percentages of red, green, yellow and blue. It 
appears from these experiments that neither red and green, nor yellow and blue, are ever 
perceived at the same time, and from the relative intensities along these axes all visible hues 
can emerge. Taking into account opponency theory, it could be reasoned that basic colour 
categories could arise from the maximum and minimum stimulation along the red-green and 
blue-yellow axes, the axes being orthogonal and pointing directly to the primary colours. 
Based on this idea, Kay and McDaniel (1978, see also Jameson, 2009; Logvinenko, 2012; 
Valberg, 2001) note how the semantics of colour naming across languages may reflect these 
particular responses of the neurons, and the opponent effects appear to be universal across 
different cultures (Saunders & van Brakel, 1997), as well as ages (Kuehni, 2001; Schefrin & 
Werner, 1990). They provide a fuzzy set mechanism by which these unique hues^ could then 
create later emerging basic colour categories, which could be seen to characterise locations in 
between, for example, purple is the result of red and blue being roughly equal in stimulation. 
This leads to them distinguishing between ‘primary’ and ‘derived’ basic colour terms.
’ Berlin and Kay (1969) suggested the the basic colour terms evolve around the focal colours rather than the 
unique hues.
Primary terms designate colours that they believe are neurologically independent of one 
another which correspond to the unique hues. Derived terms designate colours that are a mix 
of two unique hues, such as brown, grey, orange, pink and purple. However, the axes actually 
found in the LGN do not line up simply like this, but rather from a slightly bluish-green to a 
slightly purplish-red, and from greenish-yellow to a purplish-blue (Derrington, Krauskopf & 
Lennie, 1984). This means that the directions specified by the opponency process in the 
LGN do not match the specific unique hues; peak activity in the channels of the LGN does 
not correspond to the Hering primaries (De Valois, De Valois, Switkes, & Mahon, 1997; 
Jameson & D’Andrade, 1997; Wuerger, Atkinson & Cropper, 2005). Furthermore, the 
unique hues are not even found directly opposite each other: whilst blue and yellow seem to 
lie closely opposite, red and green distinctly do not (Cicerone, Krantz & Larimer, 1975; 
Wuerger, Atkinson & Cropper, 2005). Why could it be that we don’t appear to see colour in 
terms of these particular axes from the LGN but rather than as combinations of what seem to 
be arbitrary primaries? Some authors have theorised a later stage in which the output of the 
LGN is transformed to give channels that do correspond to the unique hues (De Valois & De 
Valois, 1993; Guth, 1991). However, it has not yet been shown that such a stage exists or 
demonstrated why (Mollon, 2009).
1,2,3. Failure o f low-level vision alone to account for categories 
Despite some superficial resemblances, low-level early visual accounts of colour vision have 
seemed largely ill equipped to explain the visual phenomena of unique hues or colour 
categories. Aside from the fact that the axes of opponent theory do not line up with the 
categories aside, there are a number of other properties of colour categories that also need to 
be explained. There is no explanation for why certain categories such as ‘pink’ and ‘brown’ 
arise roughly alongside ‘red’ and ‘yellow’ with boundaries based on saturation and lightness 
rather than just hue. There is also no explanation for why some colour categories span a 
different amount of the perceivable range (i.e. there are many more blues and greens than 
there are yellows). However, as explored later, current research is beginning to find potential 
mechanisms which could explain how certain categories can arise. This research is based on 
two sources: more complex mathematical transforms of the early visual processes and natural 
scene statistics. Alongside this, other research focuses on the mechanisms of how the precise 
structure of colour categories could arise from such causes.
1.3. Non-linguistic explanations for colour categories
It is the salience and purity of colour categories, particularly the unique hues, which clearly 
suggests to some that there is something more perceptually fundamental about colour 
categories, as if they were a natural aspect of colour perception rather than variations arising 
due to language (Berlin & Kay, 1969). The demonstration of a perceptual mechanism 
leading to the unique hues would potentially be a very strong step in the direction of 
understanding where all categories come from. The unique hues correspond to the colours 
which are most common in the world’s languages (Berlin & Kay, 1969) but their 
fundamental nature has not been demonstrated. Additionally, up until recently there have 
been no successful attempts to identify the neural mechanism that could underlie categories 
or even unique hues (Mollon & Jordan, 1997). However, there is evidence which strongly 
suggests that there is something ‘neural’ in their nature rather than just being artefacts of 
cognition. For instance, unique hues are invariant under moderate illuminant changes, 
suggesting that the visual perception is somehow more certain about these colours than others 
(Larimer, Krantz, & Cicerone, 1974; 1975; Knoblauch, Sirovich, & Wooten, 1985). In 
addition, for languages which have a ‘grue’ category rather than a separate ‘blue’ and ‘green’, 
wavelengths that lie directly in between typical blue and green focal colours are rated as less 
typical than the original blue and green focal colours themselves (Kay, 1975). This suggests 
that whilst there is a cross-cultural difference in the linguistic structure of the colour words, 
the exact colours that are seen as focal may be universal, suggesting there is something fixed 
about them. There is also some evidence that focal colours are named more rapidly (Heider, 
1972; although see Roberson, Davies & Davidoff, 2000 for competing evidence). 
Additionally, Witzel, Hansen and Gegenfurtner (2009) equated stimuli by measuring just 
noticeable differences (JNDs), and found evidence that reaction times were shorter for 
discriminating colours that crossed the blue/green boundary. Additionally, Danilova and 
Mollon (2012) identify an area of low discriminability which corresponds roughly to the 
boundary between reddish and greenish hues, which they interpreted as evidence for a 
sensory channel being in equilibrium (which was different to the channels assumed to exist in 
the LGN).
Further evidence that colour categories do not rely on language has come from studies which 
have demonstrated categorical effects for pre-language infants (Bomstein, Kessen, & 
Weiskopf, 1976; Catherwood, Crassini, & Freiberg, 1987, 1990; Clifford, Franklin, Davies,
& Holmes, 2009; Franklin et al., 2005a; Franklin et al., 2005b; Franklin et al., 2008a;
8Franklin & Davies, 2004). Bomstein et al. (1976) were the first to show evidence of infant 
colour categories. This was done using the habituation approach in which infants who are 
shown a novel stimulus repeatedly (e.g. the colour blue), become habituated to that particular 
stimulus, and then prefer to look at something they perceive as different (e.g. the colour 
green). Infants who had become habituated to one colour preferred to look at a novel colour 
that differed categorically from the original, rather than another of the same category, even if 
the colours were equally separated in wavelength. Later studies have supported this finding, 
for instance, Franklin and Davies (2004) showed that four month old infants show a 
significant pattem of preference for novel stimuli which differ categorically from the original 
for the blue/green, red/pink and blue/purple boundaries. This preference was present despite 
targets of the same category (within-category) being equally distant in CIELUV and Munsell 
(a colour metric designed to control for differences in perceptual discrimination) from a 
different category (between-category), and even when within-category colours were 
maximally separated. These studies suggest that the categorizing of the visible colour 
spectmm happens from a very young age and does not rely on any sort of language related or 
environmental factors.
Further evidence that language is not solely responsible for categorical perception comes 
from observing what happens when children leam colour words. Franklin et al. (2005a) 
demonstrated categorical perception in toddlers with a two altemative forced choice (2-AFC) 
task and found no effect of having leamt the names for colours on performance. In this task 
toddlers had to choose from two colours, which was identical to a target which was 
previously shown. It was found that knowing the words for colours did not predict better 
performance when the two choices differed categorically. If knowing colour terms affects 
colour perception, then it would be expected that learning them would correlate with some 
change in perceptual behaviour. In addition, Franklin et al. (2005b) have shown categorical 
perception for the blue/green and blue/purple boundary for Himba children, a language which 
does not have separate colour terms for blue and green. Despite some failure to replicate 
(Goldstein, Davidoff & Roberson, 2009), Franklin et al. (2009) have shown that the 
blue/green boundary exists for Himba toddlers perception contrary to in the language.
Finding evidence of the same colour category boundaries across-cultures demonstrates that 
whilst some countries’ linguistic environment differs, the basic perception (with categories 
included) of infants and children could be universal.
The fact that infants show categorical responding to colour has also been supported by 
neurophysiological evidence, which has revealed different neurological responses for cross 
category changes in colour in 7-month old infants (Clifford et ah, 2009). This study 
converges on the idea that infants are not just processing colours continuously, but rather 
segment this continuum into discreet categories. Furthermore, it has been found that infants 
show stronger categorical perception in the left visual field (LVF; e.g. Franklin et al., 2008), 
which will be discussed further below in the context of hemispheric latéralisation studies.
The large amount of evidence for infant colour categories is one of the strongest arguments in 
support of the notion that categorical effects in perception may be universal and may not 
solely rely on language. The remaining sections deal with possible explanations for how this 
could occur, which stem from two sources: i) explanations which involve aspects of the 
visual apparatus such as the responses of visual receptors; ii) explanations which involve 
theories surrounding the statistical distribution of colour in the environment. The final 
section deals with ways in which colour categories could emerge to optimally represent 
colour space, for which the other two explanations could act as constraints.
1,3,1. Explanations involving the properties o f the visual system 
Some progress has been made in matching aspects of the visual system with the unique hues; 
which form the skeleton of most languages categorisation patterns (Berlin & Kay, 1969). 
There are irregularities in the sampling of light due to the way in which the visual receptors 
absorb specific frequencies. The ‘principle of uni variance’ states that one visual receptor can 
only report the rate at which the pigment is absorbing photons (Zrenner, Abramov, Akita, 
Cowey, Livingstone, & Valberg, 1990). This severely limits the amount of information 
entering the visual system and provides the first constraint on how a ‘naturalistic’ model of 
colour categories should arise. It has already been mentioned that the peak sensitivities for 
the cones do not correspond to anything that could directly relate to colour categories. 
However, each cone has a unique bell-shaped range of sensitivity to a range of visual 
spectrum. These ranges, the cone fundamentals (e.g. Smith & Pokomy, 1975) are not 
sensitive to colour, but the intensity of all light at a broadly specified range. Philipona and 
O’Regan (2006; see also Vazquez-Corral, O’Regan, Vanrell, & Finlayson, 2012) show that 
the unique hues can be predicted from the properties of refiective surfaces and the cone 
response functions. Almost all surfaces simply absorb or reflect the light energy of each 
wavelength (rather than emitting the light energy in a different wavelength for example).
They show by modelling the response of cones to various surfaces under an average
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illuminant, that surfaces which reflect light along a single transformed dimension (rather than 
all possible three) from LMS space produce a close fit to the unique hues ‘red’, ‘green’ and 
‘blue’. They also show a close fit of this model to the unique hue axes. Vazquez et al.
(2012) create a more biologically plausible model by computing a single overarching 
transform, which constitutes a set of dimensions, which although similar to the cone response 
curves, are sharper and more selective of wavelength. For the model, this sharpening process 
essentially changes the psychological response from the response expected from just the raw 
cone pigments. Representing colour as a mixture of the cone responses directly from the 
receptors is not the most efficient way to represent the information that can be garnered, as a 
lot of overlap and therefore correlated information occurs due to the wide response curves.
By sharpening these curves, the visual system can be more sensitive to colour changes along 
the differences that can be more easily detected^. The result of this sharpening is a shift in 
the axes of colour representation, which can be shown to account for colour-matching data 
and the unique hues. ‘Red’, ‘green’, and ‘blue’ surfaces are shown to strongly activate just 
one of the sharpened curves, and ‘yellow’ surfaces strongly activate two; the L and M-cone 
equivalents (capturing surfaces which reflect light across the whole of both cones catchment 
areas, presumably more common as the L and M-cones are more overlapped). That colour 
opponency could be seen as an attempt to disentangle correlations between different cone 
types with overlapping sensitivities has been suggested before (Buchsbaum & Gottschalk, 
1983). An important implication of Vazquez et al.’s (2012) demonstration is that it is not a 
special feature of surfaces in the natural world which create unique hues, but rather what 
happens when you sample largely random but broadly distributed light by three specific 
overlapping cone response shapes (Koenderink, 2010). It would also imply a link between 
differences in the precise location of unique hues and the precise cone sensitivity functions, 
which some have reported (e.g. Pokomy & Smith, 1977), but others have failed to replicate 
(Jordan and Mollon, 1995). If the stmcture of the unique hues, corresponding to the most 
common colours in the world’s languages (Berlin & Kay, 1969), can be explained by
 ^Some o f the properties o f the unique hues can be intuitively grasped from the difference between the 
sharpened cone response curves and the standard ones. The S-cone equivalent remains largely unaltered, whilst 
the M-cone becomes slightly more sensitive to shorter wavelengths. The largest difference is in the L-cone 
which becomes much more sensitive to longer wavelengths, and becomes slightly antagonised by wavelengths 
around the M-cone. This large change can be seen as way to increase the amount o f information gained from 
the two largely overlapping L- and M-cones, by giving more weight to colours which activate wither the L-cone 
or the M-cone independently. The direction o f the unique hue axes can be seen to vary from the DKL axes in 
much the same way.
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properties of the visual system, then there would be less need for language to play a role in 
explaining how categories emerge.
1,3,2. Explanations involving statistical variations in light
Other recent research has sought to explain the appearance of colour, such as focal colours 
and the unique hues due to various properties from the natural statistical variation of light that 
exposed to. This idea makes intuitive sense if there exists meaningful variation in the world 
that the brain could adjust its internal representations to match well. This means that the 
structure of colour categories could in some way resemble the way colours are found in the 
world. For instance, it has been pointed out that the variation in our most common natural 
illuminants, the yellow of direct sunlight and the blue of Rayleigh scattered skylight^, align 
well to the variation from unique blue and unique yellow (Shepard, 1992; Mollon, 2006). 
Other sources of statistical variation concern the behaviour of surfaces under various levels of 
illuminant (such as when in varying degrees of shade from the light source). For instance, 
Mollon (2006) argues that white belongs to a special class of light received in the world due 
to the fact that white surfaces would exhibit no chromatic variation across their surfaces.
This is because as saturated colours vary in lightness from a broadband illuminant, they 
would additionally vary in saturation, which would be detectable by differences in the ratios 
of cone excitation, a property which is not true of white. There is little evidence to tie 
individual differences in unique hue or category locations to specific environments, but 
Jordan and Mollon (1995) note that the location of an individual’s unique green appears to be 
affected by the lightness of the iris. This characteristic could conceivably modify hue 
perception under real life broadband light sources but not with monochromatic laboratory 
sources, due to relative effect of different light scattering and absorption induced by the 
pigmentation on the incoming light. If two individuals agree on unique green in the 
environment due to some learning process, and when classifying monochromatic light they 
differ, then it would suggest that it is the environment which has caused the unique hue 
location to differ. The modification of hues entering the eye would constitute a 
transformation of the input (broadband light) to whatever mechanism creates the unique hues. 
This filter reveals itself in the systematically different locations, of monochromatic light 
sources. Therefore finding a correlation of unique hues under monochromatic light with iris
 ^The sky in sunlight is blue because the atmosphere scatters short wavelength (blue) light more than long 
wavelength. This ‘Rayleigh scattering’ is due to randomly occurring areas o f increased or decreased density 
which temporarily change the refractive index o f the air, thus randomly bending it in random directions.
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colour constitutes evidence that statistical variation of incoming light is adjusted to, by the 
visual system.
Several studies have attempted to deduce properties of colour vision by analysing the 
statistics of various databases of natural images. Ruderman, Croin and Chiao (1998) 
demonstrated that the statistical information arriving from a series of natural scenes via the 
photoreceptors corresponded to the cardinal axes in the LGN. However, they also showed 
(with Buchsbaum & Gottschalk, 1983) that these red/green and blue/yellow axes can appear 
to arise solely from correlations between the photon catches of the receptors. Wachtler, Lee 
and Sejnowski (2001) analysed natural images and found independently varying components 
showing opponency (that is they passed through the achromatic centre), and that these did not 
correspond to the axes found in the LGN. This led them to suggest that higher cortical areas 
could be involved in transforming information beyond the LGN in order to transform the 
chromatic data based on statistical regularities of hue found in the natural environment. In 
contrast to Ruderman et al. (1998), their analysis included analysis of higher order 
interactions, rather than just the principle components. In addition Lee, Wachtler and 
Sejnowski (2002) found that when using hypothetical non-overlapping cone sensitivities, 
similar components arose. These studies, whilst not directly predicting categories or the 
unique hues, show that there are statistical patterns in natural light which could potentially be 
captured in later stages of the brain irrespective of correlations introduced by the overlapping 
cone sensitivities. Long, Long, Yang and Purves (2006) have made similar progress by 
demonstrating that the co-occurrence of various hues and saturations can predict why certain 
hues are more easily discriminable than others, but again no demonstration of how categories 
arise has been made from this. However, Yenrikhovskij (2001) has made progress after 
sampling a large sample of natural images with an algorithm that searches for areas in the 
colour space which are found often. He found that locations emerged that were roughly 
coincident with the colour categories that we see, and in addition, in an order that was similar 
to that proposed by Berlin and Kay (1969). The implication of this is that the categories we 
see may reflect categories that exist in the real world, there being more colours close to 
unique red and unique orange than there being reddish oranges etc. This led Yendrikovskij 
(2001, p238) to argue that “The number of colour categories is presumably determined by a 
trade-off between accuracy in representation of the perceived world and simplicity of the 
category system”. By identifying relevant statistical constraints from the environment it 
would perhaps be possible to explain the structure of categories without any influence of
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language. The limitation of these studies is that it is hard to be certain that the method of 
collecting data is accurate and representative of what people are exposed to. In addition, 
Balpaeme and Bleys (2009) show that a high correlation of colour categories can be found 
with random data and that the results of Yendrikhovskij (2001) could potentially arise just 
from the colour appearance model used. However, it still seems entirely possible that the 
brain may create colour categories based at least partly on statistical information in order to 
represent the world more efficiently.
1.3,3. Mechanisms for colour categories to emerge naturally 
So how could the all of the most common categories arise from natural or statistic 
representations? The best examples of colour terms seem to cluster around the focal colours 
(Lindsay & Brown, 2006; Regier, Kay, & Cook 2005), despite the fact that boundaries often 
vary. Jameson and D’Andrade (1997) suggest that focal colours reflect ‘bumps’ on the outer 
shell of colour space, and therefore they maximise information by maximising similarity 
between certain areas and minimize it within others (Jameson, 2005). This theory suggests 
that categories arise naturally due to optimally fitting the shape of perceptual colour space. 
Regier, Kay and Khetarpal (2007) fit the naming of colours to a model constraint by the 
‘well-formedness’ of a category, which is the measure of how well the colours captured by a 
category are similar to each other and different to other colours. They find that their 
hypothetical optimal category structures (with varying numbers of basic colour terms) match 
the general patterns found for languages with the same number of colour terms. They also 
find that the structure of most languages basic colour terms is more ‘well-formed’ according 
to this criterion, than a hypothetical alternative structure (derived from the original but rotated 
by hue). These results suggest that colour categories arise from partitioning an irregularly 
shaped solid in the most optimal fashion presumably a constraint some form of evolutionary 
process also guided by the need to communicate effectively (e.g. Komarova, Jameson & 
Narens, 2006). The idea that categories reflect optimal partitions can be linked to the 
distinction between the primary and derived basic colour terms of Kay and McDaniel (1978), 
with the primary hues being linked to a naturalistic explanation for unique hues (such as 
Vazquez-Corral et al., 2012), and derived hues emerging to optimally describe conjunctions 
and joins between these broader categories. Regardless of the process, the consensus 
between cultures when naming the visible colour gamut clearly suggests that some universal 
aspect of colour perception may be causing categories to emerge more frequently in a precise
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way (Kay & Maffi, 1999), although as seen below some disagree with this (Roberson & 
Hanley, 2010).
1.4. Linguistic and cultural explanations for colour categories
As now reviewed, much evidence suggests that colour categories arise independently of 
language; the similarity of colour naming patterns across-cultures and the evidence of 
category boundaries in pre-linguistic infants being particularly salient. This evidence 
suggests that there may be universal perceptual constraints that govern colour categorization. 
As for the source of these constraints, the findings involving statistical variations in light and 
properties of visual receptors could be responsible for the agreement of colour naming, by 
similarly influencing the majority of individuals’ perception from birth. Nonetheless there 
are notable differences in individuals as well as between cultures, which suggest that naming 
may not always accord to perceptual attributes (Jameson, 2005). Roberson and Hanley 
(2010) note how the collection of cross-cultural naming data often uses highly saturated 
artificial colours which may overestimate the coincidence of different cultures categories. 
They suggest that similarities may be a result of shared cultural needs such as fruit searching 
(Komarova, Jameson, & Narens, 2007; Sumner & Mollon, 2000) and the existence and 
spread of specific dyes, which become common and then labelled. This leads to the question 
of how to separate culturally defined factors from perceptual influences, which relates to how 
explanatory universal tendencies could be. Can perceptual accounts explain all naming 
variation? There is considerable variation in colour processing among individuals of a same 
culture, as well as variation in colour naming. For instance, Kuehni (2004) demonstrated a 
large variation for the location of unique hues with monochromatic light across individuals, 
as much as that one individual’s location for unique blue, could potentially be another’s for 
unique green. Differences were apparent, but less, for reflective surfaces, perhaps due to the 
presence of illuminant information adding to colour constancy. These individual differences 
in unique hue were also found to be not correlated with each other, a finding which may 
suggest a statistical source (Webster, Miyahara, Malkoc, & Raker, 2000). Similarly findings 
of large individual differences have been found for colour category mappings (MacLaury, 
2005).
Webster et al. (2000) demonstrated that the colour judgements of observers in India and the 
United States were similar in structure, but the precise boundaries were systematically 
shifted, suggesting there were subtle differences in the way the categories vary between 
cultures (although many boundaries are very similar, for instance the blue/green boundary in
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English and Mandarin, Wuerger et a l, 2012). Roberson, Davies and Davidoff (2000) show 
that best examples of colour categories can also vary across-cultures. They demonstrated that 
speakers of Berinmo (a language from Papua New Guinea with just five colour terms) are 
more able to remember colours that they identify as best examples of their particular 
categories, rather than those of English. Athanasopoulos (2009) has demonstrated that the 
precise location of a category boundary can shift with exposure to another non native 
language. The Greek language has a boundary for light blue and dark blue which 
Athanasopoulos (2009; see also Athanasopoulos, Damjanovic, Krajciova, & Sasaki, 2011, for 
a similar finding with Japanese blues) found shifted closer to the English prototypes when 
bilinguals had spent a longer time in England. Whilst these studies show that colour 
categories can vary between cultures, it is important to note that they do not deal with actual 
perceptual differences, which are detailed more fully below.
There are some naturalistic theories for why the structure of some languages’ colour 
categories may differ. For instance many languages do not have a blue colour term, and 
Lindsey and Brown (2002; also Davies, Laws, Corbett, & Jerrett, 1998) suggest that living in 
regions in the world with high exposure to UV-B radiation can cause lens browning which 
would cause the blue and green categories to appear more similar. Despite possibilities such 
as this to identify patterns that may separate particular ways in which the basic colour terms 
may arise it seems unlikely that all variation could be explained this way. In addition some 
clear evidence that colour categories may not arise solely from perceptual attributes comes 
from the fact that colour anomalous or deficient observers often categorise colours in a way 
that is the same as the culture they are from. For example, Jameson and Hurvich (1978) 
demonstrated that dichromats (people with just two cones for detecting colour) often use 
different names for colours which appear more similar to them, and the same name for 
colours which appear dissimilar, in order to match trichromat naming patterns.
The cross-cultural differences in naming and categorization as well as the behaviour of colour 
abnormal observers suggest that the perceptual and linguistic representations of colour are 
somewhat separate. Whilst perceptual attributes and statistical causes may have an effect 
over time on categories in culture, they by no means determine how a specific individual 
partitions the visual spectrum. This may be more strongly determined by whatever they have 
learnt from their culture which in turn could differ from the optimal perceptual strategy for 
any reason. Jameson (2005) suggests an ‘interpoint distance model’ in which culturally or 
functionally relevant dimensions as well as perceptual ones shape the development of basic
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colour category structure, and that the emphasis of different dimensions is the key factor in 
the variation between cultures. It appears that the extent to which different constraints such 
as environmental, visual processing, cognitive and socio-cultural influences are emphasised 
can cause very different categorization patterns to emerge. Komarova and Jameson, (2008; 
see also, Jameson & Komarova, 2009a, 2009b), demonstrate how different colour category 
systems can emerge not only from constraints in perception but also from the need to 
communicate between members of a population about objects that are culturally relevant (e.g. 
for survival).
1.5. Evidence that language can affect colour perception
While there exists much evidence to show that there are substantial differences in the way 
different languages split up the visible spectrum, do people actually see colour differently as 
a result of these differences in language? This is the fundamental question that this thesis 
addresses, as whilst perception and linguistic representations may accord often, does the 
linguistic representation have any actual effect on perceptual processing? As previously 
mentioned there is evidence that colour categories affect perceptual discrimination in the 
form of categorical perception effects. Categorical perception has been found in many other 
domains such as speech (Liberman, Harris, Hoffman, & Griffith, 1957’ Burnham, Eamshay, 
& Clark, 1991) non-speech sounds (e.g. Cutting & Rosner, 1974; Pastore, Li, & Layer, 1990) 
and face perception (Beale & Keil, 1995; Bimler & Kirkland, 2001; Campanella, 
Chrysochoos, & Bruyer, 2002), which suggests that the precise categories can be learnt rather 
than being innate. Despite this, perception is generally thought to be free from the effects of 
language, but recent work has suggested that this may not be the case (e.g. Gilbert et al.,
2006; Lupyan, Thompson-Schill & Swingley, 2010; Thierry et al., 2009; Winawer et al.,
2007). Categorical perception effects (such as for phonemes and non-speech sounds) do not 
necessarily rely on linguistic categories, but this recent research has suggested that the Sapir- 
Whorf hypothesis may extend to colour perception. The implication of this would be that 
aspects of perception such as colour do not just reflect meaningful variation in the world, but 
also the way it is represented in language. There is much evidence that language has far 
reaching effects in cognition, such as perception of time (Boroditsky, 2001), space 
(Bowerman & Choi, 2001; McDonough, Choi & Mandler, 2003) and object perception 
(Boroditsky, Schmidt, & Philips, 2003). Some researchers have pointed out that most of 
these dimensions are rather more abstract that colour, which relies on sensory experience 
(Boroditsky et al., 2003). Time and spatial relations are not as constrained by physical
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experience as colour; however the growing body of evidence is suggesting that language does 
affect discrimination of colours. For colour, direct evidence that this may be the case comes 
from three main sources: i) hemispheric latéralisation of colour categorical perception ii) 
verbal interference effects on colour categorical perception, iii) cross-cultural studies. In 
addition to this converging neurophysiological studies give indirect evidence for linguistic 
involvement by finding activation of language areas of the brain during perceptual tasks.
L5.L Hemispheric latéralisation
Gilbert et al. (2006) published the first finding of the ‘lateralised Whorf effect’ in which they 
showed that categorical perception across the blue/green boundary was greater in the right 
visual field (RVF). In their visual search task, participants saw rings of coloured circles 
which are all the same colour apart from one, which is the target. Participants had to respond 
either left or right depending on what side of the screen the target appeared in. Targets that 
differed categorically to the distractors were detected faster, but only when the target 
appeared in the RVF. This was hypothesised to be caused by language due to the projection 
of the RVF to the LH, where language brain areas are most often located (Hellige, 1993).
The advantage that the RVF has for colour naming has been explored before (Levy & 
Trevarthen, 1981; Tokar, Matheson, & Haude, 1989), but this was the first time that it had 
been found in a visual search task. Many later studies have replicated this finding 
(Drivonikou et al., 2007; Franklin et al., 2008a; Franklin et al., 2008b; Paluy, Gilbert, Baldo, 
Dronkers, & Ivry, 2011; Roberson, Pak, & Hanley, 2008; Siok et al., 2009; Zhou et al.,
2010). For instance, Drivonikou et al. (2007) found the same result with differently spaced 
sets of stimuli and also with the blue/purple boundary. Roberson, Pak and Hanley (2008) 
used a similar method to explore this effect across cultures. They gave both English and 
Korean participants a visual search task based on the Korean ‘green’ / ‘yellow-green’ 
boundary which does not exist in English. They found that Korean speakers exhibited the 
RVF latéralisation for the between-category visual search trails, but that the English did not. 
They concluded that this was further evidence that categorical perception in the RVF is 
verbally mediated.
This hemispheric latéralisation has found support in an fMRI study conducted by Siok et al. 
(2009). In this task they showed participants a similar task to Gilbert et al., and recorded 
their brain activity. As well as replicating the categorical advantage for the RVF they 
demonstrated that several typical language brain areas were activated whilst performing the 
task, and that this activity correlated with the categorical status of the colours in the RVF but
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not in the LVF. They also found categorically related variation in signal from earlier 
perceptual areas (V2 and V3) which lead them to suggest that the language areas were 
exhibiting top-down feedback on these earlier areas. In addition to this, lateralised effects 
have been revealed in event related potentials (ERP; Lui et al., 2009; Mo, Xu, Kay, & Tan, 
2011).
Additional evidence that the LH latéralisation of the category effect may be related to 
language comes from studies with pre-linguistic infants and toddlers (Franklin et al., 2008a; 
2008b). For infants, a similar visual display to the adults’ visual search task is used but 
instead of requiring button presses, eye movements are tracked, with infants exhibiting 
spontaneous eye movements to a target appearing on a uniform coloured background. The 
measure of how well infants could discriminate the colours was provided by the latencies of 
their eye movements. Franklin et al. (2008a) demonstrated that infants’ categorical perception 
was strongly lateralised to the LVF, as opposed to adults. In addition Franklin et al. (2008b) 
demonstrated that the direction of this latéralisation was dependent on whether toddlers had 
leamt the words for colours or not. It appears that for adults and toddlers who know colour 
words, the latéralisation of the category effect occurs in the RVF/LH, whereas for pre­
language infants and non-colour fluent toddlers it appears in the LVF/RH. These findings 
could suggest that it requires the learning of colour terms to show the RVF lateralised effects, 
and that a language influence of colour perception may sit on top of already present 
categorical perception from other sources.
However, despite the success in replicating the effect of Gilbert et al and converging 
evidence from many sources, some studies (Brown, Lindsey, & Guckes, 2011; Witzel & 
Gegenfurtner, 2011) have found no lateralised effects with visual search tasks, and Brown et 
al. have demonstrated how simple facts about the lower level visual system can predict 
certain aspects of categorical perception, including the reaction times of Gilbert et al. (but not 
the latéralisation). In their model, the pattern of reaction times can be predicted by a model 
derived from the cone-opponent processes and cone sensitivities, with no need for any 
language influence. With much early evidence pointing to the existence of the lateralised 
Whorf effect it is not clear why some researchers have failed to find it. Furthermore, it is not 
clear whether the pattern of latéralisation could result from a bias unrelated to language. Due 
to the implications of this study on the debate between language and perception, it is 
important to understand exactly why it may arise, and whether the cause is definitely
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attributed to the latéralisation of language functions in the brain. This is discussed further 
below and in Chapter 2.
i .5 .2 .  Verbal interference effects on categorical perception
In addition to finding categorical perception to be stronger in the RVF, Gilbert et al. (2006) 
also showed that this effect was eradicated by verbal interference. Verbal interference is a 
traditional dual task approach to inferring language involvement, by demonstrating that 
occupying a participant’s working memory with irrelevant verbal information has a specific 
effect on the lateralised categorical perception. Whilst performing the visual search task as 
described earlier, participants had to memorise either digits or colour words. It was found that 
whilst doing this, the RVF advantage for between-category searches disappeared. In addition 
to performing verbal interference blocks, participants also performed a control task of spatial 
interference which involved memorising chequerboards. It was found that the effect 
remained under this task, suggesting it was specifically language that caused the effect.
With non-lateralised categorical perception, Roberson and Davidoff (2000) demonstrated the 
effect of verbal interference with a XAB test of categorical perception. In this task 
participants were shown a target and following a delay, they had to choose which of two 
choices most matched the target. With no-interference and spatial interference they found the 
effect, but with verbal interference no categorical perception was found. This suggests that 
the categorical perception they found on this task relied specifically on verbal working 
memory. Following on from this study. Pilling et al. (2003) demonstrated that the effect was 
quite task dependent as it required the interference to be in blocks as when a random 
interference type was used from trial to trial, no special effect of verbal interference was 
found. This suggests that the use of verbal codes in this task is not strictly employed, but 
depends on the task, specifically participants could show colour categorical perception under 
verbal interference, but did not when it was easier not to. Winawer et al. (2008) also 
demonstrated an effect of verbal interference on a categorical perception effect for the 
Russian blues ‘sinij’ and ‘goluboj’ which are basic colour terms in Russian but not English. 
For Russian, simultaneous XAB colour matching was faster when the odd one out was of a 
different colour, but this advantage was eradicated by verbal interference. For English 
speakers, no effects were found, suggesting it was the use of language that caused the original 
cross-cultural effect.
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A few researchers have failed to find any effect of verbal interference (Lui et al., 2008;
Witzel & Gegenfurtner, 2011). Lui et al. (2008) found that between-category colour 
discrimination was equal for both verbal and non interference conditions, suggesting that the 
effect they found did not rely on codes. Similarly Witzel and Gegenfurtner (2011) performed 
several replications of the visual search task of Gilbert et al. (2006) with verbal interference 
and did not find any effects. It is not clear why verbal interference appeared to work in some 
studies but not in others, and of the approaches using visual search (a task which arguably 
does not rely at all on memory) only Gilbert et al.’s task has found it. The other tasks (Pilling 
et al., 2003; Roberson & Davidoff, 2000; Winawer et al., 2007) arguably rely on memory or 
online labelling, which could mean that the effects are occurring at a later response stage. 
Finding that perceptual discrimination of colours is enhanced when language processing 
stages are free would be a strong argument for Whorfian effects on perception. For this 
reason it is important to establish that the method of verbal interference is appropriate for 
implicating Whorfian effects as it is not clear whether other non-language factors (such as 
cognitive load) could explain the effects. This is elaborated upon below and in Chapter 3 
alongside why it may mean that the effects in these studies are not truly perceptual.
1.5.3. Cross-cultural categorical perception
Because languages differ in the location of their category boundaries, some researchers have 
focused on finding cross-cultural differences in categorical perception (Davidoff, Davies, & 
Roberson, 1999; Daoutis et al., 2006a; Kay & Kempton, 1984; Roberson et al., 2000; 2005; 
Winawer et al., 2007). From initial research by Rosch (1973) which appeared to demonstrate 
that colour categories were universal, several researchers have gone on to show that there is 
indeed evidence that a language’s colour lexicon can affect performance on certain tasks 
(Davidoff, Davies, & Roberson, 1999; Daoutis et al., 2006; Kay & Kempton, 1984;
Roberson, Davidoff, Davies, & Shapiro, 2004; 2005; Roberson, Davies, & Davidoff, 2000; 
Roberson, Pak, & Hanley, 2008; Winawer et al., 2007). This normally takes place with a 
comparison between English which has 11 basic colour terms, and an isolated language 
normally with less basic colour terms for instance the Himba, which only has five. Kay and 
Kempton (1984) investigated the blue/green boundary for English and Tarahumara speakers, 
and found that similarity judgements for colours which crossed the blue/green boundary were 
categorical for English but not the Tarahumara. Other studies have used XAB recognition 
tasks (Daoutis et al., 2006a; Davidoff, Davies & Roberson, 1999; Roberson et al., 2000;
2005; Winawer et al., 2007) which involve the presentation of a target, followed by a time
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interval, followed by the target and a foil. It has been shown that several languages (Dani, 
Berinmo, Himba, and Russian) differ in performance on this task in accordance with the 
linguistic boundaries specified by colour naming despite colour differences being equated.
These studies would be some of the strongest evidence that categorical perception of colour 
varies as a function of language if it were not that the findings used can be easily explained 
by biases to colour prototypes in memory, or evaluated similarity based on cognitive 
categories. Rather than reflecting true perceptual differences, it could simply be a fact that 
during the time interval, the precisely remembered colour is biased towards the category 
prototype. Roberson et al. (2008; discussed further above) has been the only study to show 
cross-cultural categorical responding on a behavioural task which does not explicitly involve 
memory, an important point which is discussed further below and in Chapter 4. Thierry et al. 
(2009) have shown cross-cultural differences in responding to light and dark blues between 
Greek and English speakers in a neurophysiological study, but there are important 
reservations about whether the component they found strictly relates to early perception as 
they claim which need to be followed up.
But how could language affect perception? Lupyan (2008; 2012) suggests that top-down 
modulation of earlier perceptual stages could be causing effects. In this framework, 
categories are represented in later language networks, but links between the two affect 
processes in the earlier perceptual stage in a mutual fashion leading to effects.
Neurologically, top-down effects like this may be plausible, as it is well known that there are 
often more areas heading down from higher cortical areas to earlier ones (Steriade & 
Deschenes, 1985). Verbal interference fits nicely into this framework as its effects can be 
explained by the idea that the verbal areas are no longer free to interact with earlier 
perceptual areas. This theory stands aside a classical explanation of language effects on 
perception which would be that they interact in later stages, causing a response bias (e.g. 
MacLeod, 1991) or in the case of XAB tasks, a bias in memory to the category prototype 
(e.g. Fazendeiro, Winkielman, Luo, & Lorah, 2005; Roediger & McDermott, 1995). Other 
studies have shown that it is possible to learn categorical perception of colour (Clifford et al., 
2012; Mo et al., 2012; Ôzgen & Davies, 2002), suggesting that it may be possible that 
perception adjusts itself as a result of this learning progress. However, these studies cannot 
rule out response bias or online labelling explanations (Mollon, 2009). A true difference in 
colour perception which correlates with colour naming would be very strong evidence for 
Whorfian effects on perception. For this reason it is very important to examine closely these
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findings and explore whether there are alternative explanations. The following chapters will 
explore the arguments for linguistically induced categorical perception and fully test the 
assumptions.
1.6. Outline of experimental chapters
1.6.1. Chapter 2
This chapter explores the apparent hemispheric latéralisation of categorical perception 
originally found by Gilbert et al. (2006). As previously mentioned, many studies have 
replicated this effect, but despite this many more in depth studies have not found it. 
Additionally, the assumption that RVF latéralisation implies language involvement has not 
been fully explored and confirmed. This chapter aims to provide an exploration of this 
assumption and suggest a possible non-linguistic mechanism for the lateralised effects. 
Experiment 2.1 aims to replicate the original effect found by Gilbert et al. (2006) which 
highlights a need for the latéralisation to be explained. Experiments 2.2 and 2.3 use a similar 
task to that of Gilbert et al. (2006) except all the colours used are named identically. This 
means that there are no searches crossing a categorical boundary which language could help. 
In these tasks it is hypothesised that RVF latéralisation will still be found, which would 
suggest that language may not be necessary to cause a RVF lateralised effect. Experiments 
2.4 and 2.5 were designed to explore a possible account of the latéralisation. In these tasks, 
the number of targets appearing in each hemifield is modified so that in one block more 
targets appear on the left and vice versa. It is hypothesised that in both experiments that 
when more targets appear in the LVF, a stronger category effect would appear in the RVF, 
but also that when more targets appear in the RVF, that the category effect may swap. This 
would explore whether the direction of latéralisation is malleable and test whether any bias in 
the attention devoted to a particular visual field could conceivably be responsible for yielding 
the appearance of a latéralisation of a brain function. The possibility of a bias to the LVF 
during visual search tasks is explored, as this could potentially explain the findings of Gilbert 
et al. (2006) and others, and implies that RVF latéralisation of category effects does not 
necessarily indicate that language is involved in visual search.
1.6.2. Chapters
Whilst Chapter 2 raises doubts on the validity of hemispheric latéralisation being a true 
indicator of language effects, Gilbert et al. (2006) also show that their entire category effect 
disappears when verbal working memory is occupied. This chapter explores the validity of
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the dual task experimental approach with verbal interference as a tool for implying verbal 
involvement in a task. It is not clear whether verbal interference affects only language related 
processes, or if spatial interference (the control condition) affects central executive resources 
to the same degree allowing a comparison. If verbal interference taxes shared resources more 
than spatial interference, then language involvement may be implied when in fact there is 
none. Experiment 3.1 tests this possibility by subjecting visual search to verbal and spatial 
interference conditions, but with all the colours having the same name (as in Chapter 2). It is 
hypothesised that under the condition of spatial interference, an effect of perceptual distance 
will remain, but that under verbal interference it will disappear. This would suggest that it 
may not be just the verbal nature of verbal interference which is affecting visual search. 
Experiments 3.2 and 3.3 explore verbal interference effects of categorical perception with a 
different control condition: melodic interference. This condition is chosen as it more closely 
resembles the time dependent and rehearsable quality of verbal interference yet is not verbal 
in nature. It is hypothesised that no different effects of verbal and melodic interference are 
found in either experiment. Experiment 3.4 tests that melodic and verbal interference have 
dissociable effects on a naming task. It is hypothesised that when participants have to name 
the target rather than just identifying its location, a greater effect of verbal interference will 
be found than melodic interference on reaction times. If no effect is found in Experiments
3.2 and 3.3, then this result in Experiment 3.4 would suggest that no covert naming was 
operating during normal visual search. The results of this chapter strongly question the 
validity of using verbal and spatial interference as a tool for inferring language as a cause of 
an effect.
L6.3. Chapter 4
This chapter explores cross-cultural evidence of language effects on perception. It focuses on 
the difference between English and Greek basic colour term lexicons, in which Greek has an 
extra colour term for light blue. Experiment 4.1 establishes the category boundary for Greek 
speakers. Experiments 4.2 and 4.3 are cross-cultural visual search tasks after Roberson et al.
(2008) who found an effect between English and Korean albeit with very slow reaction times. 
Behavioural evidence for the extra Greek colour boundary is sought in both tasks including 
varying the perceptual distance between the colours tested to account for the category 
boundary width. Experiment 4.4 explores the finding of Thierry et al. (2009) of an enhanced 
neurophysiological response to changes across the Greek category boundary for native Greek 
speakers. In an event related potential (ERP) experiment which has greater control for effects
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of attention, neurophysiological evidence for the boundary is explored with an ERP 
component that is related to early perception. A lack of finding here would lead to a 
suggestion that Thierry et al.’s (2009) original finding may not reflect perceptual processing 
but rather later post-perceptual effects. Experiment 4.5 is a further exploration of whether 
effects occur around the Greek boundary with behavioural rather than ERP measures. The 
results of this chapter suggest that the evidence for cross-cultural effects of perception are 
highly questionable, and that whilst there may be an extra basic colour term in Greek it is 
possible that early perception is unaffected by this.
1.7. Contribution to the debate
The main aim of the thesis is to explore the claims for language involvement in colour 
categorical perception. Finding an effect of language on colour perception would suggest 
that people of different cultures may see colours in a qualitatively different way, a finding 
that would be highly remarkable. Because of this, it becomes very important to closely 
investigate the various claims for this that have been made. This thesis examines several 
experimental techniques (hemispheric latéralisation / verbal interference) used widely in 
cognitive science to imply language involvement, and explores whether for colour perception 
there is strong evidence that language involvement does not simply interact with memory or 
response stages. Therefore alongside testing whether early colour perception is free from 
language effects, this thesis will raise questions on all studies relying on visual hemifield and 
dual-task approaches. Additionally this thesis will examine the cross-cultural 
neurophysiological finding of Thierry et al. (2009) held by some (e.g. Lupyan, 2012) as 
strong evidence for language effects on unconscious perception. This thesis therefore will 
challenge theories of categorical perception that arise from linguistic causes, as well as 
theories of colour naming which do not interact with perception but just memory and 
response stages. The findings have wider implications for the extent to which language could 
affect perceptual processes, and effects of language on perception as whole.
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Chapter 2: Does the lateralised ‘W horf effect rely on linguistic categories?
2.1. General Introduction
The correspondence of perceptual and linguistic colour categories has been extensively 
examined over many years, with the main questions still remaining: which causes which and 
how? Does the process of learning linguistic labels for colour percepts change perception, or 
have linguistic labels evolved to represent categories that are ‘already there’, and unmodified 
by language? The Sapir-Whorf hypothesis or ‘relativist’ viewpoint proposes that our 
perception is shaped, at least to some extent, by the names we use to divide it (Kay & 
Kempton, 1984; Sapir, 1921; Whorf, 1956). In a recent influential paper, Gilbert et al. (2006) 
support this idea with the apparent finding that the categorical nature of colours is stronger in 
the right visual field (RVF), henceforth known as the lateralised Whorf ejfect. In their 
experiments, which employ searching for a different coloured target amongst distractors, 
stimuli are presented in a circular array with the target appearing randomly in the left or right 
visual field. The experiment is designed so that the colours used as target and distractor 
displays are either ‘ within-category’, meaning that both colours are named the same, or 
‘between-category’, straddling a linguistic boundary, meaning they have different names. 
Visual search times reveal an advantage for detecting targets in between-category colour 
displays relative to within-category, specifically when targets are in the RVF. The 
explanation given for this is that due to the projection of the RVF to the LH, the effect of 
colour terms on colour perception is greater in the RVF/LH than in the LVF/RH. The reason 
for this is that this contra-lateral projection leads to greater proximity of RVF perceptual 
processing to LH lateralised language areas (Knecht et al., 2000; Toga & Thompson, 2003), 
which are associated with latéralisation in visual half-field tasks (Hunter & Brysbaert, 2008). 
Several subsequent replications of the lateralised Whorf effect have followed in multiple 
studies (Drivonikou et al., 2007; Franklin et al., 2008a; Liu et al., 2009; Paluy et al., 2011; 
Roberson, Pak, & Hanley, 2008; Siok et al., 2009; Zhou et al., 2010), and the general idea has 
been extended to visual search for categories in general (Gilbert, Regier, Kay & Ivry, 2008; 
Franklin, Catherwood, Alvarez, & Axelsson, 2010; Holmes & Wolff, 2012). The implication 
of this finding is profound as it suggests that a) colour categories are, after all, linguistically 
augmented and b) colour perception is more categorical in the RVF.
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Supporting this claim, converging neurophysiological evidence has focused on concurrent 
activation of brain areas and ‘perceptual’ ERP components with presentation of between- 
category colour differences to the RVF/LH (Liu et ah, 2009; Mo et ah, 2011; Siok et al.,
2009). Using functional magnetic resonance imaging (fMRI), Siok et al. (2009) 
demonstrated that brain areas associated with language are activated more strongly and 
earlier when discriminating between-category colours. This was found using a similar 
experimental set up as in Gilbert et al. (2006) and the effect was greater when presented in 
the RVF/LH, suggesting that the raised activation in these language areas could be reflecting 
active top-down control over earlier perceptual areas. Liu et al. (2009) found a LH only 
neurophysiological marker in response to between-category colours. The N2pc (N2- 
posterior-contralateral) component they found in response to RVF visual search targets was 
theorised to reflect processes which cause this lateralised effect. In addition to this finding. 
Mo et al. (2011) found a similar neurophysiological effect to between-category colours 
displayed to the RVF, but not the LVF. This component was a visual mismatch negativity, 
which is a response to visual changes thought to emanate from early perceptual areas 
(Czigler, 2007). These studies converge on the idea that there are neural processes which 
occur in the left hemisphere which strengthen the category effect in the RVF.
Further evidence for the lateralised Whorf effect being related to language comes from Zhou 
et al. (2010) who found that the RVF/LH category effect could be induced for novel linguistic 
boundaries following sufficient training. In their study, participants who were trained to 
distinguish a new categorical distinction in the blue area of colour space showed LH 
lateralised categorical perception using a subsequent visual search task. In accord with this, 
Franklin et al. (2008a; 2008b) have demonstrated that this latéralisation arises with the 
development of language, by showing that both pre-linguistic infants and toddlers who have 
not leamt the relevant colour terms in fact show RH latéralisation for colour categories, as 
opposed to adults and toddlers who know the colour terms. Further evidence suggesting that 
language plays a role in this effect is that in the original study, Gilbert et al. (2006) found that 
verbal interference eradicated the effect. They found that their lateralised Whorf effect 
disappeared when presenting the same task to participants who had to remember either colour 
words, or a list of numbers, which suggests that because the language modules were actively 
engaged in retaining a verbal short-term memory, they were unable to be involved in the 
visual search task. This has two implications; firstly it supports the idea that language is 
necessary for the effect. Secondly, alongside evidence of language brain area activation in
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the task (Siok et ah, 2009) it implies that the effect relies on language working memory to be 
free. This suggests that the effect may not be caused by a structural difference in early 
perceptual representations, but rather relies on the language areas being available to inflict a 
kind of top-down partitioning. In essence, activation of the representation of colours in the 
higher level language areas could potentially feed back to cause a greater perceptual 
distinction in the RVF /LH. This line of enquiry concords with recent interest in the general 
idea of a hierarchical yet bi-directional convergence of perceptive and cognitive processes, 
which are classically treated as separate stages (e.g. Lupyan, 2012). The hypothesis relies on 
the idea that LH language resources are driving the effect in a similar manner to language 
tasks (Hellige, 1993) and therefore that the effect arises due to a top-down moderation of 
earlier perceptual areas by the language areas and is therefore ‘Whorfian’.
Despite this strong picture, recent studies attempting to pick apart the effect have shown that 
it is not as reliable as first thought. With ten different experiments, Witzel and Gegenfurtner 
(2011) examined the effect in more depth using multiple sets of colours as well as controlling 
for eye-movements and did not replicate it a single time. No profound methodological 
differences were apparent in the experiments which could be responsible for failing to find 
the effect. One potential key difference is in the number of trials the participants are exposed 
to; the participants of Gilbert et al. (2006) do 96 trials, whereas those in Witzel and 
Gegenfurtner (2011) do 836 or 432. This may be a factor as participants may employ a more 
categorical strategy in a novel task due to it being a simpler strategy, requiring less 
information, in a new environment. However, a strong category effect was found in both 
visual fields, and Witzel and Gegenfurtner (2011) do report results for the first 96 trials for 
comparison, in which they find the same result. Another key difference in Witzel and 
Gegenfurtner’s (2010) study was that the participants were German rather than English native 
speakers. But with the German language having the same structure for basic colour 
categories, it is not clear why this should affect the outcome, unless there are differences in 
the frequency of use of ‘turquoise’, the common term for colours in-between blue and green. 
Another study by Brown, Lindsey and Guckes (2010; see also. Brown & Lindsey, 2009) 
performed replications of Gilbert et al. (2006) methodology whilst gathering estimates of 
individual participants’ colour boundaries. They failed to find the lateralised Whorf effect or 
any effect of the individual location of a participant’s colour boundary and went on to 
demonstrate that the reaction times to the colours used could be well predicted by the 
standard opponent-colours model of colour discrimination (see also Ruiz & Hupé, 2011).
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Additionally, Paramei and Molyneux (2011) report that colour identification speed was not 
lateralised, which is difficult to explain if it is thought that online colour identification by the 
left hemisphere is causing the effect. However, as the lateralised Whorf effect has been 
replicated many times, the question remains as to why it has emerged in some studies but not 
others. No explanation has been offered of why certain studies have found the effect and 
others have not, so despite its effervescence it remains to be accounted for.
The argument for the linguistic nature of the effect rests on its latéralisation: the effect is 
found for the RVF; therefore it is language which is causing it. But could the cause of the 
RVF/LH effect in fact occur independently of linguistic cause in visual search tasks? 
Drivonikou et al. (2007) find an unexplained lateralised effect of perceptual distance in their 
study. In their experiment they gave participants visual search displays with colours from 
two sets: one of these sets contained stimuli which were further spaced apart perceptually 
than the other (more different / easy to distinguish). The other set contained stimuli which 
were nearer together (more similar / difficult to distinguish)"^. They found that the overall 
visual search time difference between two sets was greater in the RVF than in the LVF - in 
the LVF, reaction times were similar for the easier and harder sets, whereas in the RVF, the 
harder set produced much greater reaction times compared to the easy set. It appeared that 
responses in the LVF/RH seemed to be similar for target detection to the two different sets of 
stimuli. By contrast, in the RVF/LH, the more similar and harder to distinguish colour 
stimuli displayed longer reaction times than the easier colours, suggesting the RVF/LH was 
more sensitive to the greater difficulty in distinguishing colours closer in perceptual space. 
This produces a pattern of results which is similar to that found for the lateralised Whorf 
effect, but instead of the linguistically driven conditions, it is perceptual distance which 
appears lateralised, and henceforth this is called the 'lateralised distance ejfecf. Importantly, 
as Drivonikou et al. (2007) noted, there is no clear linguistic explanation for why this should 
be. Implicit in the design of the original studies, as Witzel and Gegenfurtner (2011) mention, 
is that since the lateralised Whorf effect is an interaction between the category effect and 
visual field, asymmetries in the perceptual distance should not affect it. However, in 
Drivonikou et al. (2007) it appears as this is happening.
This leads to the idea that the mechanism causing the lateralised Whorf effect and the 
proposed lateralised distance effect could be the same. The reasoning for this is as follows:
 ^This was originally undertaken to test if  the lateralised Whorf effect was influenced by the perceptual 
similarity o f the stimuli.
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in the original studies, colours are evenly spaced in either Munsell or CIELAB space. 
However, the unevenness of the blue/green regions of these colour spaces has been 
highlighted by many authors (Brown et al., 2011 ; Lindsey & Brown, 2009; Lindsey et al., 
2010; Pinto, Kay, & Webster, 2010; Witzel & Gegenfurtner, 2011)^. If the between-category 
colours are easier and further in perceptual distance than the within-category colours, then 
this creates the right conditions for a lateralised distance effect. Therefore it may be an 
effect of the metrics used to evenly space the colours in the original studies, which in creating 
a lateralised distance effect, causes the category effect to appear lateralised (rather than due to 
a direct LH language cause)^. But importantly, if the lateralised distance effect is congruous 
with the lateralised Whorf effect which arises without any clear linguistic cause, then it 
suggests that LH latéralisation may not be strong enough as evidence in its own right for 
implying Whorfian effects on perception.
So what could cause this hemispheric asymmetry if  it is not language? Danilova and Mollon 
(2009), addressing an RH hemispheric specialisation for colour perception in general, 
highlight a number of potential mechanisms by which a spurious lateralised effect could 
occur. First, attentional biases may be introduced by asymmetries in the testing environment, 
or loading of hemispheres with tasks unrelated to the attribute being tested. Second, they 
note that lateralised effects can disappear with practice, which suggests that a bias may be 
introduced due to the novelty of the task, which would involve gradual shifting in the ability 
to perceive or respond in each hemisphere. The inference of this is that in the right (or 
wrong) conditions, a hemispheric asymmetry may arise that is not due to the language 
dominance of the LH. No studies so far have systematically explored the apparent lateralised 
distance effect found by Drivonikou et al. (2007). However, because Drivonikou et al.’s 
(2007) effect was found in the context of colours that differed in linguistic label, there may be 
an unknown linguistically caused mechanism due to ongoing task-relevant labelling. Thus, 
by testing with a set of colours that are unevenly spaced but all have the same label, we can 
see whether the lateralised distance effect arises in the absence of any task directed colour 
labelling. Under this condition, in essence, a mock category effect is created, with easier, 
further apart colours being analogous to the between-category condition and harder, closer
 ^This discontinuity has been highlighted in particular by Lindsey et al. (2010) who argue that all colour 
category effects can be explained by the structure o f low-level color channels, and that the inaccuracies in the 
metrics used to describe colour space (e.g. Munsell and CIELAB) cause the apparent categorical perception due 
to a mis-spacing o f colours in the experiments (see also Regier, Kay, &Khetarpal, 2007).
 ^It is important to note at this stage that the original cause o f the discontinuity in this region may still be caused 
by language. What is being argued is that it may not be language that is causing the latéralisation.
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colours being analogous to the within-category condition. This design can be used to 
determine whether the lateralised Whorf effect in fact arises without any linguistic causes.
In this chapter, I aim to explore the assumptions underlying the lateralised categorical 
perception effect of Gilbert et al. (2006), and offer a competing explanation for why it arises. 
Experiment 2.1 replicates the original finding of Gilbert et al. (2006), with a greater category 
effect found in the RVF/LH. Experiments 2.2 and 2.3 aim to demonstrate that a lateralised 
perceptual-distance effect (in effect, a mock lateralised category effect) can be induced using 
the same experimental procedure as in Experiment 2.1, but with colours which all have the 
same linguistic label (green). Lastly, Experiments 2.4 and 2.5 aim to show a possible 
mechanism of how an apparent lateralised distance effect may arise due to an imbalance of 
attention between the two visual fields. One plausible explanation is that these lateralised 
distance effects could arise due to a bias of attention to the LVF. In a condition where there 
is enough attention, the difficulty of the two conditions (due to the separation of colours) may 
be roughly equal. But in a condition where there is less attention, the more difficult condition 
may suffer in performance more. As an analogy, walking performance (an easy task) is not 
readily improved by increased attention, whereas driving (a harder task) is. Thus the within- 
category condition (which is more difficult) is responded to slower in comparison to the 
between-category condition (which is easier) in the RVF/LH because it is this more difficult 
condition which is hurt more by relatively reduced attention resources (see Box 2.1, for a 
more in depth explanation). In Experiments 2.4 and 2.5, participants perform the same visual 
search task, but in attempt to bias their attention, blocks are given where more targets appear 
in either the right or the left visual field. This increased frequency of presentation to a 
particular hemifield is designed to make participants attend more that way.
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Box 2.1: An explanation for lateralised effects being created by a bias in attention.
High Attention 
Low Attention
Perceptual Distance
i  Far (Easier)
R C lose {Harder)
High Attention
L V F / R H )
Low Attention
( R V F / L H )
This diagram illustrates the general principle of how a difference in the amount of 
attention deployed to the LVF and RVF can create the appearance of a lateralised effect. 
Due to the shift in position of the low attention psychometric curve, the difference in 
detectability between two stimuli (easy / hard) is greater. This occurs because the 
psychometric function curves rather than is straight (it is non-linear). An assumption 
underlying the original study is that differences in perceptual distances between the tested 
colour pairs are adequately controlled for when analysed in an ANOVA, a test which 
assumes variables are linearly related. This means that visual field attention and 
perceptual distance need to interact sufficiently linearly as to be treated as such. If the 
psychometric function was linear, then for any increase in attention to either visual field, 
the size of the category effect found should not change, but simply reaction times for 
within- and between-category pairs should raise or lower linearly in accordance with the 
effect of the change of attention. However conceiving of perceptual distances and reaction 
times as related subject to a typical psychometric function, which is non-linear by virtue of 
being asymptotic, a confound can arise due to an attentional bias. In effect, a state of 
raised attention could conceivably lower differences in found response times to stimuli 
that not perceptually equidistant, due to the creation of a ceiling effect. In effect, if there 
is less attention given to the RVF/LH, then it would create the appearance that the 
difference in detectability between the two stimuli is greater in this hemifield, as in the 
lateralised Whorf effect.
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Some evidence indeed points to the possibility of a LVF bias in visual search tasks, such as 
increased efficiency of the RH in deploying visual attention (Mangun et al. 1994), the RH 
specialization for colour detection (Davidoff, 1976; Hannay, 1979; Sasaki et al., 2007) and 
the RH being able to produce a stronger capture of attention (Burnham et al., 2001). 
Especially in the initial stages of the experiment, any of these factors could plausibly mean 
that participants are likely to attend more to the LVF at first. Also, Danilova and Mollon
(2009) note that a task itself by engaging one hemisphere disproportionately, may bias 
endogenous attention to contralateral space (Bryden & Mondor, 1991; Techentin & Voyer, 
2007). If participants are using the language areas of the brain to help with the task, rather 
than this directly causing an increased category effect, it could serve to bias attention to the 
RH, indirectly causing the RVF/LH effect. Lastly, only Witzel and Gegenfurtner (2011) 
controlled adequately for eye movements: in Gilbert et al. (2006) participants were instructed 
to fixate centrally, and the stimuli only appeared for 200ms, which means that there should be 
no time for a saccade to catch the target. However if due to an unknown reason, participants 
are already looking slightly more to the left, then the target will appear closer to the centre of 
vision, when it appears in the left too, which again could be the cause of some kind of ceiling 
effect being stronger in the LVF.
So we propose the latéralisation effect may arise due to a LVF bias in the task, which itself 
could be due to a) biased attention deployment by participants, b) eye movements or c) lack 
of controlled symmetry in the experiment. This bias could explain the various 
electrophysiological findings, with ERP components and brain activation as evidence of this 
bias (e.g. Liu et al., 2008, Mo et al., 2011).
Summary o f main research questions
1. Is the Gilbert et al. (2006) lateralised category effect replicable?
2. Does a similar lateralised effect arise in the task when there is no linguistic difference 
for the colours used?
3. Does biasing attention predict which side the lateralised effect arises on?
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2.2. Experiment 2.1: Lateralised Whorf: Replication of Gilbert et al. (2006)
2.2.1. Introduction
Due to the fact that some studies (Brown et ah, 2011; Witzel & Gegenfurtner, 2011) have 
failed to replicate the RVF/LH effect of Gilbert et al. (2006), it is important to re-confirm its 
reliability, using conditions as close as possible to the original experiment. This is to 
demonstrate that the effect is reliably found and not subject to the documented ‘decline 
effect’ (see Lehrer, 2010)^. The original study reported colours used as RGB values which 
vary between display equipment, so instead we used colours generated from Munsell look-up 
tables (Wyzecki & Stiles 1982)^, which had previously shown the effect (Drivonikou et al., 
2007). In the current task, participants are presented brief (200ms) visual displays containing 
a target of one colour amongst eleven distractors of another colour. The design is arranged as 
such that displays in which the target colour’s name differs categorically from the distractors 
are between-category trials, and that the others are within-category trials. Participants are 
encouraged to respond quickly, pressing a button dependent on which side of the screen they 
detect the target.
2.2.2. Method
Participants
There were 20 participants (18 female; mean age 19.60 years; SD = 2.37). As in all 
subsequent experiments, participants were native English speakers, right handed, with normal 
or corrected vision, and were screened for colour vision deficiency using the City University 
Colour Vision Test (Fletcher, 1980).
 ^Several notable findings after a flurry o f initial confidence often fail to be replicated later. Possible 
explanations are regression to mean, publication bias, and the shaping o f observations by expectations.
* Munsell look-up tables allow CIE XYZ coordinates to be calculated from Munsell (Wyzecki & Stiles 1982). 
The Munsell colour space is generally used in the literature to space colours so that perceptual distance is 
equated for (se e Chapter 1, and also see Witzel and Gegenfurtner, 2011, supplementary information for a 
discussion on the circularity o f this reasoning).
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Apparatus and experimental setup
Stimuli were presented on a Sony Trinitron CRT monitor (model GDM-F520), with the 
centre of the monitor at the participants’ eye-level and a viewing distance of 70em 
maintained using a chin rest. Eye movements were recorded with an AST 504 pan/tilt eye- 
tracking camera placed under the monitor, calibrated with a ten point grid. Stimuli colour 
coordinates were found with a Cambridge Research Systems (Rochester, U.K.) Color Cal 
colorimeter. The experiment took plaee in a darkened laboratory, with the only light being 
that emitted by the monitor. The apparatus and experimental setup was identical for all 
subsequent experiments.
Stimuli and Design
The stimulus set consisted of three colours (one green and two blue) that varied only in 
Munsell Hue with Munsell Value and Chroma kept eonstant (see Table 2.1, and Figure 2.1).
BETWEEN-CATEGORY WITHIN-CATEGORY
5BG
-  GREEN
 II---------------------- 1
lOBG 5B
BLUE ----------------»
Figure 2.1: Colours used for Experiment 2.1. The colours give a between-category pair of 
Blue and Green, and a within category pair of two Blues.
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Table 2.1: Colours used for Experiment 2.1. x y Y coordinates were calculated from look-up 
tables for Munsell colours under illuminant C with a whitepoint of 100. The three hues 
formed two colour pairs, giving a ‘between-category’ (G1 and B2); crossing linguistic 
boundary at 7.5BG as in Bomstein (1974), and ‘within-category’ (B1 and B2) stimulus pair, 
equidistant in Munsell hue, these colours were also equally spaced when converted to 
CIELUV (between-category AE = 15.71; within-category AE = 15.21).
H V C X y Y
B l: 5B 6 6 0.220 0.271 30
B2: lOBG 6 6 0.222 0.298 30
G l: 5BG 6 6 0.233 0.330 30
Background: 0.310 0.316 30
Stimuli were presented in a search array that consisted of 12 circular discs of 45mm (-3.5°) 
equally spaeed symmetrically around a larger notional circle of 155mm (-12.5°) diameter on 
a grey background, with six discs on each side. One of the dises (target) was coloured 
differently to the rest (distractors), and each colour in the pair appeared equally as target or 
distractor. Target location was randomised; an equal frequency of appearing on the left and 
right, with the constraint that it did not appear at the four locations adjacent to the vertical 
midline.
Procedure
Participants’ eye-movements were monitored in order to ensure participants’ central fixation 
throughout. Participants were instructed to fixate on the central fixation cross, which 
appeared at the start of each trial. The experimenter, out of sight of the participant, 
monitored the participant’s central fixation on-line using the eye-tracker output. Once the 
participant’s fixation was stable, the search array was presented for 200ms. A grey 
background followed until the participant’s response. Participants indicated the left/right
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position of the target using two buttons on a serial-port button box, with corresponding index 
fingers for leff/right (as in Gilbert et ah, 2006). 193 trials were shown and reaction time and 
accuracy were recorded.
2.2,3, Results
The first 10 trials were counted as practice trials and excluded from analysis. Trials with 
reaction times under 100ms and over 2.5s were excluded, as were trials with reaction times 
over or under 1.96 standard deviations^ away from the condition mean for each participant 
were also excluded as outliers. Following this, the median reaction time for correct 
responses, and accuracy were calculated for each condition and participant.
Figure 2.2 gives the mean accuracy and reaction times for participants across all conditions. 
For reaction time, it appears as if there is a greater category effect in the RVF/LH than in the 
LVF/RH. This was supported by a 2-way mixed-design ANOVA on reaction time, with 
category (Between/ Within) and visual field  (LVF / RVF) as repeated measures variables.
For reaction time, the main effect of category was significant, F(l,19) = 60.54, < .001, 
reflecting faster reaction times for between-category (mean = 360ms, SD = 82) than within- 
category (mean = 422ms, SD = 53) trials. The category and visual field  interaction was also 
significant, F (l, 19) = 6.13, <05. Post-hoc t-tests revealed a significant category effect in 
both the RVF (/(19) = 7.66, jc» < .001), and the LVF (/(19) = 7.04,/? < .001). A further t-test 
was performed on difference scores (between-category -  within-category) representing the 
size of the category effect in each visual field . This revealed that the strength of the 
category effect was significantly stronger in the RVF than the LVF, t{\9) = 2.48,/? < .05. For 
accuracy, only the main effect of category was significant, F(l,19) = 33.91,/? < .001, 
reflecting greater accuracy for the between-category pairs. All other effects and interactions 
were not significant (greatest F = \ .43, smallestp  = 0.25).
 ^ 1.96 Standard deviations corresponds to 95% of area under the nonnal curve. This procedure was adopted as a 
standard procedure for the treatment o f reaction times across all experiments, which reliably excluded obvious 
outliers. Since there is no established method o f treating outliers in a reaction time distribution, it was deemed 
that a consistent approach based on a semi-arbitrary measure of centrality and spread would have least impact, 
whilst reliably eliminating obvious outliers.
500
^  450
LVF RVF
Visual Field
Û 0.7 ■ Within
■ B etw een
LVF RVF
Visual Field
Figure 2.2: Mean reaction time and accuracy for Experiment 2.1 : visual search task with 
same- (within) and different- (between) category target-distractor pairs. Error bars show the 
standard error of the mean (±1 SE).
2.2,4. Discussion
Using the same experimental conditions as Gilbert et al. (2006), the results confirm a 
replication of the lateralised category effect in reaction times. Both visual hemi-fields present 
a considerable category effect, and the between-category colour pairs are responded to more 
quickly than the within-category colour pairs. However, this category effect is significantly 
stronger in the RVF, suggesting that for this visual field there is an advantage for detecting 
targets that are of a different category than the distractors relative to those of the same 
category. This replication adds to the multitude of other studies in which the effect as also 
been found (Drivonikou et al., 2007; Franklin et al., 2008a; Franklin et al., 2008b; Liu et al., 
2009; Paluy et al., 2011; Roberson, Pak, & Hanley, 2008; Siok et al., 2009; Zhou et al.,
2010). However no studies as of yet have examined whether a similar effect arises for 
colours which do not span a linguistic colour boundary.
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2.3. Experiment 2.2: Lateralised effects with same-category colours.
2,3,1. Introduction
If the lateralised Whorf effect is truly due to the proximity of LH language areas to LH 
perceptual areas, then it should only arise when a linguistic distinction is made between the 
colours that make up the design. Using the same conditions that generated a LH effect for 
colours with a categorical status, an experiment with colours which all had the same 
linguistic label (green) was run. A possible explanation for the category effect is that uneven 
spacing in the Munsell colour space means that the between-category colour pairs are 
perceptually more distinct than the within-category colour pairs (Brown et al., 2011). This 
would essentially mean that there is a general greater perceptual distance for the between- 
category colour pairs than within-category pairs, which is not necessarily due to language.
To test for this possibility, the following experiment employs colour pairs which vary in their 
perceptual distance from each other. In this case, two colour pairs are to be tested, one ‘near’ 
pair in which the colour stimuli are closer in Munsell hue than for the other ‘far’ pair. In this 
way, because there is some evidence that between-category colours are easier to detect than 
within-category colours in the original design, the ‘near’ pair of the design mimics the 
within-category pairs of the original design, and the ‘far’ pair mimics the between-category 
pair. If the RVF/LH lateralised Whorf effect is exclusively caused by LH language 
involvement, then this design should not produce a similar asymmetry. This pattern would 
confirm the finding in Drivonikou et al. (2007), that in this task, the detectability of 
perceptual distances appears to be expressed more for some reason in the RVF.
2,3,2, Method
Participants
There were 28 participants, (23 female; mean age 19.25 years; SD = 1.48).
Set up, Stimuli, Design and Procedure
All aspects of the experiment were identical to Experiment 2.1, with the exception of the 
stimulus set. All stimuli were from the same category, and were three greens varying only in 
Munsell hue. One stimulus pair had a smaller chromatic difference (2 Munsell hue units) 
than the other stimulus pair (3 Munsell hue units), giving a ‘near’ and a ‘far’ pair (see Figure
2.3 and Table 2.2). .
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NEAR PAIR FAR PAIR
I-------------------- II------------------------------- 1
3G 5G 8G
.------------------------ GREEN  >
Figure 2.3: Colours used for Experiment 2.2. All colours were green, with one pair closer in 
Munsell hue space.
Table 2.2: Colours used for Experiment 2.2. x y Y coordinates were calculated from look-up 
tables for Munsell colours under illuminant C. The colours combine to give a near pair (G1 
and G2) and a far pair (G2 and G3), which mimics the perceptual asymmetry of the typical 
green/blue within- and between-category stimuli.
H V C X y Y
Gl: 3G 6 6 0.303 0.409 30
G2: 5G 6 6 0.274 0.379 30
G3: 8G 6 6 0.259 0.355 30
Background: 0.310 0.316 30
2.3.3, Results
Figure 2.2 gives the mean accuracy and reaction times for participants across all conditions. 
For accuracy, it appears as if there is a greater category effect in the RVF/LH than in the 
LVF/RH. This was supported by a 2-way mixed-design ANOVA applied to the accuracy 
scores, with distance (Far / Near) and visual field  (LVF / RVF) as repeated measures 
variables. For accuracy, the main effect of distance was significant, F(l,27) = 13.63, p < .05, 
reflecting greater accuracy for Near trials than Far trials. The distance by visual fiield 
interaction was also significant, F (l, 27) = 5.25, p  <.05. Post-hoc t-tests revealed a 
significant distance effect in the RVF t(21) = 3.50,/? < .01, but not for the LVF tÇTI) = 1.16, 
/? = .26. A further t-test was performed on the difference scores representing the size of the
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distance effect in each visual field (i.e. Near-Left - Far-Left). This revealed the strength of 
the distance effect was significantly stronger in the RVF than the LVF, r(27) = 2.29, p  < .05. 
For reaction times, only the main effect of distance was significant, F{\,21) = 5.12, p  < .05, 
reflecting faster responses to the far pairs. All other effects and interactions were not 
significant (greatest F  = 1.55, smallestp  = 0.224).
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Figure 2.4: Mean reaction time and accuracy results for Experiment 2.2: visual search task 
for same-category target-distractor pairs, with chromatic difference manipulated (Near / Far). 
Error bars show standard error of the mean (±1 SE).
2.3.4. Discussion
When presented with colours that varied in perceptual distance, it appears as if the accuracy 
for visual search in RVF/LH varies more greatly than in the LVF/RH. Whereas accuracy for 
the LVF/RH in both the Near and Far conditions was roughly equal, accuraey for the Near 
pair was significantly worse than the Far pair in the RVF/LH. With no linguistic categorical 
distinction to cause this effect, it remains to be explained as to why it arises. A key 
discrepancy between this finding and Experiment 2.1, is that the interaction was found in 
accuracy rather than reaction times. This was likely due to the fact that the task was 
considerably harder than Experiment 2.1. This meant that partieipants were often not 
detecting the targets at all, rather than being able to respond more quickly to targets that were 
more distinct. The task was intended to be harder than the original task, to guard against a 
ceiling/floor effect, in case the distances between colours did not match the perceptual
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distances due to discrepancies in the Munsell space. It was reasoned that a harder task would 
more likely demonstrate a strong effect, if the latéralisation effect results from an attentional 
bias. It remains to be seen whether the same effect could also be found in reaction times, by 
using an easier task, but either way in the current study a clear hemispheric asymmetry has 
been found, suggesting that it arises independently of language.
2.4. Experiment 2.3: Lateralised effects with same-category colours (extended stimulus 
set).
2.4.1. Introduction
In Experiment 2.2, an apparent RVF/LH bias was found for perceptual distance in visual 
search tasks. This finding raises questions about the involvement of linguistic processes in 
the effects found by Gilbert et al. (2006). In order to be confident in the robustness of this 
effect, we sought to replicate the finding. Additionally, we hoped to demonstrate the effect in 
reaction times, by making the task easier and more comparable to the other previous studies 
(e.g. Gilbert et ah, 2006; Drivonikou et ah, 2007). To achieve this, we followed the design of 
Drivonikou et al. (2007) who were the first to notice that perceptual distance effects appeared 
to be stronger in the RVF/LH. In their study they had four ‘far’ spaced Munsell colours at a 
distance of 5 Munsell units, and four ‘near’ colours at a distance of 2.5 Munsell units. These 
were originally arranged around the blue/green boundary in order to test for the latéralisation 
effect. In this experiment the same design is presented but with all colours in the green 
category. It is expected that the difference in reaction times to the ‘far’ and ‘near’ spaced 
colour sets will be greater in the RVF/LH than the LVF/RH, in the same way as found by 
Drivonikou et al. (2007). Additionally in this experiment, greater control of eye movements 
was introduced. Because eye movements were not tracked in the original studies, a possible 
bias could arise if  participants are not always centrally fixated when the visual search display 
is presented. Using an eye tracker in this study, it is possible to check that participants are 
centrally fixated before each trial, and at the onset of the visual display^^.
Eye movements during the display were recorded for 5 participants, during which it was observed that >99% 
of times an eye movement was not initiated during the 200ms o f display.
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2.4,2. Method
Participants
There were 36 participants, (24 female; mean age 22.9 years; SD = 3.18).
Set up, stimuli, design and procedure
All aspects of the experiment were identical to Experiment 2.2, with the exception of the 
stimulus set. The design of the stimulus set was taken from Drivonikou et al. (2007), except 
that all colours were from the same green category. This gave six target-distractor colour 
pairs, three with a relatively smaller chromatic difference (near: 2.5 Munsell hue units) and 
three with a larger chromatic difference (far: 5 Munsell hue units; see Figure 2.5 and Table 
2.3).
FAR PAIRS (5 HUE STEPS)
7.5GY 2.5GY 7.5G 2.5BG
1.25G 3.75G  6.25G 8.75G
1________ II________ II________ I
NEARPAIRS(2.5 HUE STEPS)
Figure 2.5: Colours used for Experiment 2.3. All colours were green, with four Near pairs 
separated by 2.5 Munsell hue steps, and four Far pairs separated by 5 hue steps.
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Table 2.3: Colours used for Experiment 2.3. x y Y coordinates were calculated from look-up 
tables for Munsell colours under illuminant C. The colours gave 3 far pairs (adjacent pairs 
from colours 1-4) spaced five Munsell units away and three near pairs (adjacent pairs from 
colours 5-8), spaced 2.5 Munsell units away.
H V C X y Y
1: 7.5GY 6 6 0.335 0.432 30
2: 2.5G 6 6 0.289 0396 30
3: 7.5G 6 6 0.266 0.367 30
4: 2.5BG 6 6 0.252 0.344 30
5: 1.25G 6 6 0.301 0.407 30
6: 3.75G 6 6 0.282 0.387 30
7: 6.25G 6 6 0.270 0.373 30
8: 8.75G 6 6 0.262 0.361 30
Background: 0.310 0.316 30
2.4.3. Results
Figure 2.3 gives the mean accuracy and reaction times for participants across all conditions. 
For reaction times, it appears as if there is a greater category effect in the RVF/LH than in the 
LVF/RH. This was supported by a 2-way mixed-design ANOVA applied to the reaction time 
scores, with distance (Far / Near) and visual field  (LVF / RVF) as repeated measures 
variables. For reaction times, the main effect of distance was significant, F(l,35) = 122.40,
< .001, reflecting greater accuracy for Far trials than Near trials. The distance by visual field  
interaction was also significant, F (l, 35) = 4.90,^ <.05. Post-hoc t-tests revealed a 
significant distance effect in both the RVF, /(35) = 9.16,/> < .001, and the LVF 7(27) = 6.12, 
< .001. A further t-test was performed on the difference scores representing the size of the 
distance effect in each visual field (e.g. Near-Left minus Far-Left). This revealed that the 
strength of the distance effect was significantly stronger in the RVF, 7(35) = 2.21, jç? < .05.
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All other effects and interactions, including all those for accuracy were not significant 
(greatest F  = 1.82, smallestp  = 0.187).
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Figure 2.6: Mean reaction time and accuracy results for Experiment 2.4: visual search for 
same-category target-distractor pairs varying in chromatic difference (Near / Far), extended 
stimulus set. Error bars show standard error of the mean (±1 SE).
2.4.4. Discussion
In accord with the results of both Drivonikou et al. (2007) and Experiment 2.2, a lateralised 
distance effect was found. Longer reaction times were found for colours which were closer 
in perceptual distance in both visual fields. Also, the difference between these two conditions 
was greater in the right visual field. This ‘lateralised’ distance effect was found despite eye 
movements being controlled for. Part of the argument advanced by Gilbert et al. (2006) for 
the linguistic nature of their lateralised Whorf effect was due to its appearance in the LH.
The current finding and that of Experiment 2.2 implies that the greater categorical perception 
effect found in the RVF/LH in Gilbert et al. (2006) and Experiment 2.1 may not be due to the 
proximity of the LH perceptual brain areas to the language areas after all. This calls into 
question the linguistic nature of the lateralised Whorf effect, suggesting that there could be 
some other reason for why it appears as a hemispheric asymmetry. There are a number of 
non-linguistic reasons for why this effect may occur spontaneously, and finding the effect in 
the absence of a linguistic boundary means that additional research is required to clarify why 
the effect may arise. With several experiments not finding any latéralisation effects 
whatsoever (Brown, Lindsey & Guckes, 2011; Witzel & Gegenfurtner, 2011) it would seem
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that this finding could be specific to a certain aspect of the experimental paradigm. 
Experiments 2.4 and 2.5 will investigate how a manipulation designed to bias attention could 
produce lateralised effects.
2.5. Experiment 2.4: Manipulation of target frequency in LVF/RVF.
2,5.1. Introduction
Experiments 2.1 -  2.3 appear to demonstrate a general effect whereby when distinguishing 
between colours, the differences between levels of perceptual discrimination are more 
marked when presented to the RVF/LH. Whilst several studies do not find this (e.g. Witzel 
& Gegenfurtner, 2011) one of the main reasons the effect may not have been replicated in 
these other studies is if it arises due to a bias in attention to the LVF which had been 
inadvertently eradicated. Decreased attention to one visual field may conceivably make 
harder distinctions even harder in comparison to an easier condition. As outlined previously 
an effective analogy is that walking performance (an easier task) is not readily improved by 
increased attention, whereas driving is. With this explanation, it is not the case that the 
within-category pair is harder in the RVF because information needs to travel further in the 
brain, but rather it is because there is less attention to the RVF, and being harder than the 
between-category pair, it suffers from this more.
The lateralised Whorf effect is found empirically in the visual field  by category/distance size 
interaction term of the ANOVA, which is normally assumed to control for any overall 
asymmetries in the response to either variable. If for instance, there is greater overall 
attention to the LVF, then it is expected that it would come out as the main effect of visual 
field, rather than in the interaction. However, a bias in attention can cause a Type-1 error in 
this interaction because psychological response to colour difference, like most physical 
stimuli, can be modelled by a typical psychometric function (e.g. Maloney, 1990), which by 
definition is non-linear. With the assumption that increased attention moves colour 
differences further up the function, due to a gain in sensitivity, it would also appear to squash 
the difference in psychological response, compared to a condition with less attention; a 
ceiling effect. Such an influence of attention is conceivable, as attention is known to increase 
contrast (e.g. Carrasco, Fuller, & Ling, 2008; Fuller & Carrasco, 2006). This reasoned non- 
linearity between attention and psychological response to colour detection would create the
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illusion that a category effect is greater in one hemisphere, when in fact the category effect 
may be the same size, just ‘expressed’ more in one hemifield due to less attention being 
allocated to the related visual field. The following two experiments seek to demonstrate that 
by biasing the frequency of target occurrence to a specific visual field, in order to manipulate 
attention, a greater category effect is found in the opposite visual field. Thus if participants 
pay more attention to the LVF due to more targets appearing there, the category effect should 
appear greater in the RVF and vice versa. The experiments are designed to highlight a 
possible mechanism by which the lateralised Whorf effect could occur.
2.5.2. Method
Participants
There were 22 participants (12 female; mean age = 23.68 years; SD =3.93). All other 
participant information was identical to Experiment 2.1.
Set up, stimuli, design and procedure
The experiment was identical to Experiment 2.1, with two differences. First, there were two 
experimental blocks of 216 trials each, instead of 192 trials. Second, for each block, the 
location of the target was biased so that it randomly appeared for 60% of the trials on one 
side. There were two blocks of trials, and the order of left-right bias was counterbalanced 
across participants. Participants were told verbally which side would contain more targets at 
the start of each block of trials.
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2.5.3. Results
Accuracy
Figure 2.7 gives the mean accuracy and reaction times for participants across conditions. For 
accuracy, it appears that when participants are biased towards the LVF, the category effect is 
stronger in the RVF, and that when the target is more frequent in the RVF, the category effect 
is stronger in the LVF; in summary, the category effect is stronger for the visual field where 
targets are less frequent. This was supported by a 3-way mixed-design ANOVA applied to 
the accuracy scores, with bias (left bias / right bias), category (Within / Between) and visual 
field  (LVF / RVF) as repeated measures variables.
Most importantly, the 3-way interaction between bias, category and visual field  was 
significant, F(l,21) = 19 .89 ,< .001. To unpack this 3-way interaction, two-way ANOVAs 
with category and visual field  as factors were conducted on the right bias and left bias blocks 
separately. For both, there were main effects of visual field  (left bias: F(l,21) = 15.40,/?
<.01; right bias: F(l,21) = 11.84,/? <.01) category (left bias: F(l,21) = 36.48,/? <.001; 
right bias: F(l,21) = 41.17,/? <.001 ), and a significant interaction between visual field  and 
category (left bias: F(l,21) = 12.72,/? <.01; right bias: F(l,21) = 8.69,/? <.01).
It appears as though the category effect is stronger in the visual field with the lower 
frequency of targets. To directly test this, we compared the size of the category effect 
according to which field had the more targets. Post hoc paired sample t-tests revealed that the 
category effect was always highly significant in each visual field regardless of bias (left bias 
LVF: 7(21) = -3.51,/? <01; left bias RVF: 7(21) = -5.36,/? <001; right bias LVF: 7(21) = - 
5.14,/? <001; right bias RVF: 7(21) = -4.22,/? <001). However, flirther post hoc tests on 
difference scores (biased visual field category effect -  opposite visual field category effect) 
revealed that the category effect was always stronger in the opposite visual field (left bias: 
7(21) = -3.57,/? <01; right bias: 7(21) = -2.95,/? <01). In summary, this 3-way interaction 
reflects a greater category effect in the visual field with fewer targets.
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Figure 2.7: Mean reaction time and accuracy results for Experiment 2.4: visual search task 
with left/right biased target frequency. Error bars show standard error of the mean (±1 SE).
Reaction Times
Figure 2.7 shows that, for reaction times too, it appears as if the category effect is stronger for 
the less attended visual field: when participants are attending to the LVF, the category effect 
is stronger in the RVF, and that when they attend to the RVF, the category effect is stronger 
in the LVF. This too was supported by a 3-way mixed-design ANOVA applied to the
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reaction times scores, with bias (left bias / right bias), category (within / between) and visual 
field  (LVF / RVF) as repeated measures variables.
Most importantly, the 3-way interaction between bias, category and visual fie ld  was 
significant, F(l,21)=11.81,/? <.01. To follow up this three way interaction, two post-hoc 
ANOVAs confirmed main effects of visual field  (left bias: F(l,21) = 44.21,/? <.001; right 
bias: F(l,21) = 34.60,/? <.001) and category (left bias: F(l,21) = 31.37,/? <.001; right bias: 
F(l,21) = 9.10,/? <.01) in both bias conditions. However a significant interaction was only 
present for the left bias (F(l,21) = 10.89,/? <.01) and not the right bias (F(l,21) = 0.83,/? =
0.37). Post hoc paired sample t-tests revealed that the category effect was always highly 
significant in each visual field regardless of bias (left bias LVF: 7(21) = 6.66,/? <.001; left 
bias RVF: 7(21) = 6.09,/? <.001; right bias LVF: 7(21) = 4.57,/? <.001; right bias RVF: 7(21)
= 6.74,/? <.001). However further post hoc tests on difference scores (biased visual field 
category effect -  opposite visual field category effect) revealed that the category effect was 
stronger in the less attended visual field, for the left bias only (left bias: 7(21) = 3.30,/? <.01; 
right bias: 7(21) = 0.91,/? = 0.37). Almost repeating the pattern in accuracy, this 3-way 
interaction reflects a greater category effect in the less attended visual field, but only when 
targets are more frequent on the left side.. A score was calculated representing the difference 
in category effect for biased side targets and for the opposite side targets (averaging biased­
ness regardless over which actual side was attended). A paired samples t-test revealed that 
the category effect was stronger in the unattended visual field as a whole (7(21) = 3.50,/? 
<.01). In summary, this 3-way interaction reflects a greater difference between category pairs 
(Greater CP) in the less attended visual field. All other interactions and main effects were not 
significant (largest F  = 3.21, smallest/? = 0.09).
2.5.4, Discussion
When targets appear more frequently in the LVF, a classic pattern of greater categorical 
responding in the RVF/LH is found in both accuracy and reaction time. When targets appear 
more frequently in the RVF, the side of the effect swaps; it appears instead in the LVF/RH. 
Assuming that participants are attending more to the side with more targets in each condition, 
this experiment demonstrates that attention can strongly moderate the patterns of accuracy 
and reaction times found in these visual search tasks. Any bias in attention between the 
hemi-fields could therefore be responsible for creating the illusion of a lateralised Whorf
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effect as observed in Gilbert et al. (2006), as well as the lateralised distance effect of 
Drivonikou et al. (2007) and in Experiments 2.1 -  2.3. Additionally the conditions in which 
the effect has not been found (e.g. Witzel & Gegenfurtner, 2011) can potentially be explained 
by the number of trials (which could decrease the bias over time due to learning) or the 
emphasis on central fixation given to the participants. However whilst it is likely that 
attention is playing a role, there is no guarantee that participants are attending more to the 
side with more targets, they could be adopting a strategy of responding to absence of targets 
in the less frequent visual field combined with a response bias. This possibility is explored in 
Experiment 2.5 which seeks to replicate this general pattern with a different task.
2.6. Experiment 2.5: Manipulation of target frequency in LVF/RVF, present-absent 
task.
2  6.1. Introduction
One possibility is that the results of Experiment 2.4 could arise due to a concurrent response 
bias (Luce, 1986). If a participant adopts a strategy in which undetected stimuli are always 
responded to with the biased side, then this could have the same effect of creating a greater 
categorical effect in the unattended side, regardless of attention. This is because when a 
guess (due to the bias) was correct, that reaction time would be entered into the mean for that 
condition, whichever it was (i.e. between-category or within-category). If it is assumed that 
guesses have the same mean reaction time, then adding these reaction times would pull both 
conditions in that visual field closer together (towards the mean guess reaction time). This in 
itself could be held as a potential contributing factor to the apparent bias in Gilbert et al. 
(2006). As said, given a strategy of responding in which a guess always resulted in a left 
button press, a greater number of reaction times would be entered into the mean for the LVF 
which came from a guess. But importantly, misses are generally greater in reaction time than 
hits, and display less of the effect of a manipulation (e.g. Ratcliff, 1978). Including more 
misses in the LVF would have the effect of squashing the latent category effect in that hemi­
field. Despite this possibility no test was reported for the accuracy in Gilbert et al. (2006) 
and a further experiment is conducted here to demonstrate the effect of attention without the 
concurrent possibility of a response bias. Here, a similar task with biased attention was 
undertaken, but instead of appearing in a field of distractors, the target appears against a
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background of the other colour (e.g. Franklin et al., 2005). Additionally, absent trials are 
included, during which participants do not see any target appear. This eliminates response 
bias as during absent trials, participants do not see any cues telling them to respond, thereby 
eliminating guessing. Using one button, participants only respond to trials which they see, 
thereby eliminating any biases resulting from a tendency to respond more to one side. This 
tactic also makes any strategy of attending more to the less frequent visual field impossible 
because of the lack of cue to respond.
2.6.2. Method
Participants
There were 22 participants, (17 female; mean age 24.1 years; SD = 3.12).
Set up, stimuli, design and procedure
The experiment was identical to Experiment 2.4, with the exception that the task was a target 
detection task. Coloured targets were shown in the same locations as Experiment 2.4, but 
were shown on a coloured background rather than amongst coloured distractors (e.g. Franklin 
et al., 2005). For half of the trials (absent trials), no target appeared. At the start of each trial, 
a central fixation cross was presented on the appropriate coloured background for 1000 ms, 
followed by a stimulus display for 200 ms, followed by the background for 1500 ms. 
Participants were asked to respond whenever they saw a target with a single button on a 
button box. The hand which was used was counterbalanced.
2.6.3. Results
Accuracy
Figure 2.8 gives the mean accuracy and reaction times for participants across all conditions. 
Replicating the pattern of the previous experiment, for accuracy, it appears that the category 
effect is stronger for the less attended visual field; when participants are attending to the 
LVF, the category effect is stronger in the RVF, and vice versa. This was supported by a 3- 
way mixed-design ANOVA applied to the accuracy scores, with bias (left bias / right bias), 
category (within / between) and visual field  (LVF / RVF) as repeated measures variables. 
The main effect of category was significant, F(l,27) = 26.60,/? <.001, indicating that
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accuracy was consistently greater for the between category pair over the within-category pair. 
The interaction between bias and visual field  was also significant, F(l,21) = 6.01,/? <.05. 
Post-hoc t-tests indicated that for the left bias, participants were more accurate overall to the 
left side (7(21)=2.33,/? <.05), but this pattern was not significant for the right bias 
(7(21)=.900,/?=.376).
Most importantly, the 3-way interaction between bias, category and visual field  was 
significant, (F(l,21) = 8.35,/? <.01). To unpack this 3-way interaction, two ANOVAs 
confirmed main effects of category (left bias: F(l,21) = 9.68, /? < .001; right bias: F(l,21) = 
15.09, /? < .001) and a visual fie ld  effect for left bias (F(l,21) = 5.44,/? < .05) but not right 
bias: (F(l,21) = 0.81,/? = 0.38). However alone, both category by visual field  interactions 
were not significant (left bias: F(l,21) = 1.64,/? = 0.21; right bias: F(l,21) = 3.17,/? = 0.09). 
A strong category effect was always present in each visual field regardless of the biased side; 
post hoc paired sample t-tests confirmed this (left bias LVF: 7(27) = 4.14,/? < .001; left bias 
RVF: 7(27) = 4.59,/? < .001; right bias LVF: 7(27) = 3.17,/? < .01; right bias RVF: 7(27) = 
3.92,/? < .01). However, a score was calculated representing the difference in category effect 
for biased side targets and for un-biased side targets (conflating over which actual side was 
biased). A paired samples t-test revealed that the category effect was stronger in the un­
biased visual field as a whole (7(27) = 2.89,/? < .01). In summary, this 3-way interaction 
reflects a greater category effect for between-category pairs in the unbiased visual field.
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Figure 2.8: Mean reaction time and accuracy results for experiment 2.5: present/absent target 
detection task with left/right biased target frequency. Error bars show standard error of the 
mean (±1 SE).
Reaction Times
Figure 2.8 shows that, for reaction time, the category effect appears to be the same regardless 
of which side participants are biased to. The main effect of category was strongly significant, 
F(l,21) = 286.46,/? <.001, indicating that reaction times were consistently quicker for the 
cross category pair than the within category pair. The interaction between attended side and
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visual field  was also significant, F(l,21) = 6.04,/? <.05, reflecting a predicted overall 
decrease in reaction times towards the more attended side. All other interactions and effects 
were not significant (largest F=1.25, smallest/?=0.27).
2.6.4. Discussion
These results replicate the finding of Experiment 2.4 that when targets appear more 
frequently in the LVF, a greater categorical effect is found in the RVF/LH, but when targets 
appear more frequently in the RVF, a greater effect is found in the LVF/RH. This effect 
occurs without any possible explanations of response bias. Whilst the reaction times display 
the expected pattern, in this experiment, the effect is only found significantly in accuracy.
This can be partly explained due to there being no response required for absent trials meaning 
that there is less noise due to accidental incorrect responses. With the task being made easier 
with the lack of response competition, ceiling effects may be partly responsible for the lack of 
significant effect in reaction time. The two experiments taken together at the very least 
suggest that evidence on latéralisation in this particular experimental approach is highly 
susceptible to biases of target frequencies in visual fields. The exact mechanism responsible 
(attentional / response) is largely irrelevant for the purposes of calling into question the 
involvement of language in the original study of Gilbert et al. (2006).
2.7. General Discussion
Experiment 2.1 replicates the finding of Gilbert et al. (2006) that categorical perception for 
the blue/green boundary appears to be stronger in the RVF/LH. Experiments 2.2 and 2.3 
demonstrate that this latéralisation appears for a perceptual distance effect, independently of 
whether a linguistic colour boundary is involved or not. This suggests that the latéralisation 
found in Experiment 2.1 and Gilbert et al. (2006) could result from a similar cause, perhaps 
due to the questionable uniformity of the CIELAB and Munsell spaces (Bems, 2000; 
Brainard, 2003; Brown et ah, 2011; Wyszecki & Stiles, 1982). Lastly Experiments 2.4 and 
2.5 demonstrate that a bias in target frequency can shift the side on which a latéralisation can 
appear, and communicates clearly that the validity of the visual hemifield approach is 
questionable in the face of distinctly possible attentional or response biases.
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Despite controversy, colour categorical perception per se could arise from language, 
biological properties, visual statistics or a combination of these factors (e.g. Pilling et ah, 
2003; Roberson & Davidoff, 2000; Webster & Kay, 2012). With strong rationales for the 
categorical nature of colours arising from computational / statistical rationale(e.g. Regier et 
ah, 2007; Long, Yang, & Purves, 2006; Yendrikhovskij, 2001; Philipona & O’Regan, 2006) 
biological properties (e.g. Lindsey et al 2010) and its discovery in pre-linguistic infants 
(Bomstein, Kessen & Weiskopf, 1976; Davies & Franklin, 2002; Franklin & Davies, 2002; 
Franklin et al., 2005,2008; Clifford, Franklin, Davies & Holmes, 2009), it seems likely that 
categorical perception can be explained to a large extent without recoursing to linguistic 
causes. But importantly, this chapter does not directly attack a linguistic explanation of CP in 
the blue/green area. The perceptual discontinuity in this region for the CIELAB and Munsell 
colour spaces could in fact be due to on-line linguistic distinctions being made. The key 
point is that the latéralisation of this effect, whether linguistic or otherwise, is not evidence in 
its own right of linguistic involvement. A few studies have systematically found a 
dissociation between naming and CP (Goldstone & Hendrickson, 2010; Hanley & Roberson, 
2011), but despite this, CP has also been found to differ for speakers of different languages, 
making it hard to rule out the possibility that language does have an involvement in the effect 
(Kay & Kempton, 1984; Roberson, Pak & Hanley, 2008; Winawer et al. 2007; MacLaury, 
Paramei, & Dedrick, 2007), especially in situations which involve the overt categorisation 
typical of these studies. However, the experiments presented in this chapter call into question 
the growing body of evidence (e.g. Regier et ah, 2010) leading to the suggestion that the 
involvement of language can be inferred by the hemispheric asymmetry presented in Gilbert 
et al. (2006).
According to the rationale presented in Gilbert et al. (2006), the latéralisation arises due to 
the projection of the RVF to the LH, and the location of language areas in the LH. However, 
with the finding that the effects of perceptual distance appear similarly ‘lateralised’, it seems 
that whatever could explain this effect could potentially explain the lateralised Whorf effect. 
Part of the reasoning relies on the conception of inter-hemisphere information flow as being a 
controlled bottleneck with a delay being added simply to the transmission of information and 
therefore to reaction times (in the manner of Sternberg’s 1969 additive model). In general, 
the best guesses of the interhemispheric transmission time (IHTT), the time taken to transfer 
information across hemispheres, is in the order of 3-4ms (Brizzolara et ah, 1994; Moes et ah, 
2007). Should the difference between the RH and LH response to between-category stimuli
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be caused by the IHTT, it could be expected that the lateralised category effect would be of 
this much smaller magnitude instead of the 20-25ms found in the studies reporting a positive 
effect. This simple argument itself is slightly unfair because the conception of the corpus 
callosum as a single, fixed-capacity information channel is highly questionable. Rather than 
a lone wire between two hemispheres, the corpus callosum is in fact many separate wires 
between many separate areas of the brain and research has demonstrated that a vast myriad of 
huge effects and interactions drown out any relation of IHTT to cross-visual field studies 
(Braun, Achim & Larocque, 2003). This complexity demonstrates the sheer number of 
uncontrolled variables in these paradigms which mean that a simple experiment such as that 
of Gilbert et al. (2006) can just hint at the theory it proposes. For instance, any hemispheric 
asymmetries apparent in visual field effects, hand effects, stimulus-response compatibility 
and interactions thereof (Levy, 1984; Braun, Achim & Larocque, 2003) could be responsible. 
This includes any latent confounds of the task causing unpredicted hemispheric interferences 
(e.g. Rizzolatti, Bertoloni, De Bastiani, 1982; Studer and Hubner, 2008). Modem research 
demonstrates that hemispheric asymmetries in reaction times can often reflect a balancing act 
of resources, so for instance an increased occupation of the RH’s spatial processing resources 
as a result of the search aspect of the task may lead to a bias in the perceptual or response 
stages (Braun, Achim & Larocque, 2003). Ironically it could conceivably be due to increased 
LH processing due to language areas biasing performance to the RH that would indirectly 
cause the effect. For such a strong claim that Whorfian effects are stronger in the language 
dominant hemisphere to be accepted (e.g. Regier & Kay, 2009; Regier et ah, 2010), it seems 
necessary that it should be reliable, and not only that but present in numerous experimental 
tasks, of which some already are being found to not show the effect (Webster & Kay, 2012). 
However, this possibility could still be explored, for instance, if a measure of hemispheric 
language dominance (e.g. Hunter & Brysbaert, 2008) could be correlated with performance 
on a similar colour task.
The complexities of hemispheric asymmetries have not been taken into account, since by 
finding the original latéralisation effect as an interaction between the categorical status of the 
colours and visual field, it was assumed that any hemi-field attentional or response biases 
could be controlled for. Whilst use of the general linear model to analyse reaction time data 
is ubiquitous, its validity rests on the assumption that all independent and dependent 
measures interact in a sufficiently linear fashion, which is widely known to be false in certain 
circumstances, for instance with ceiling effects (Fechner, 1860; Ratcliff, 1978). These non­
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linearities inevitably leave open the possibility for systematic Type I errors in interaction 
terms, as the general linear model relies on the assumption that main effects and interactions 
are independently varying. In summary, just because the lateralised Whorf effect is found as 
an interaction does not mean that attentional biases are controlled for. Here two speculative 
mechanisms are identified by which a false positive interaction may occur in this setting, both 
of which could potentially contribute to the apparent effect. Firstly, a bias of attention to the 
LVF could expand the apparent category effect in reaction times in the RVF due to the harder 
discriminations being more affected by the loss of attention than the easier discrimination (or 
equivalently, a ceiling effect occurring in the LVF). Secondly, a response bias to the LVF 
could squash the category effect due to inclusion of non-representative reaction times 
resulting from guesses. Without analysing the reaction times in an appropriate model which 
takes into account their non-linear nature (e.g. Ratcliff, 1978 would be suitable but the 
number of trial required in the current paradigms is too small), it is not possible to offer an 
account of the exact mechanism which may have caused biases, and also whether any effect 
still remains. Experiments 2.4 and 2.5 suggest that one of the possible contributing factors to 
the hemispheric asymmetry found could be due to a bias of attention to the RVF when 
undertaking this task. However, these findings are not conclusive proof that the asymmetry 
arises strictly because of a potential bias, but rather, the key point of Experiments 2.4 and 2.5 
is that biases systematically do lead to apparent hemispheric asymmetries, and that care must 
be taken when ruling out these causes.
With the explorations of the effect by Witzel and Gegenfurtner (2011) and Brown et al.
(2010), calling into question the reliability of the effect across multiple testing environments, 
it seems unlikely that even the cause of the apparent lateralised distance effect is robust.
Witzel and Gegenfurtner (201 l) ’s studies in particular focused on achieving central fixation, 
and tested participants in a symmetrical tunnel environment whilst tracking eye-movements. 
The absence of any environmental factors biasing attention could explain the discrepancies 
between their results and others. In addition, many of their experiments tested participants 
with more trials, leading to greater practice. The effect of practice may lead to a reduction in 
the effect if an attentional bias is reduced concurrently. This could be the case if participants 
naturally attend more to the left until the task becomes more familiar to them. Ultimately, it 
seems as if a strong claim of an RVF Whorf effect should be robust against both the effects of 
practice and the extent to which participants are fixated; if it only arises in specific 
conditions, it is hard to see how paramount it could be.
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Important to address, is that Gilbert et al. (2006) report that their effect is knocked out by 
verbal interference. When participants performed the task whilst remembering a stream of 
digits or colour words, the effect was no longer lateralised, but when remembering 
chequerboards (spatial interference) the effect remained the same. There could be many 
explanations for this: one is simply that if it is a Whorfian influence causing the distance 
effect (that becomes lateralised), then if this is knocked out there is no distance effect to 
become lateralised. This may be the case if it is not language that is causing latéralisation 
directly, but rather language warping perceptual distance, which in turn is what appears 
lateralised. This may be the case but it is also important to note that there are strong 
reservations to be held in interpreting verbal interference effects (see Chapter 3), especially 
with the validity of spatial interference as a control. Considering the growing evidence for 
domain-general working memory resources for the focus of attention, and time-based 
memories (Vergauwe, Barroulliet & Camos, 2009; Cowan, 1995; 2001) - any difference in 
the degree to which the tasks differentially engage attention, or activate rehearsal 
mechanisms could have untold effects on the pattern of hemispheric asymmetries found. The 
resultant pattern can often be unpredictable: for instance in Franklin et al. (2010) it was found 
that verbal interference strengthened categorical perception of orientation in the LH. Any 
imbalance in the occupation of shared resources by the verbal and spatial interference tasks 
used by Gilbert et al. (2006) may cause spurious effects and the simplicity and clarity of the 
visual hemifield and verbal interference approaches can obscure the underlying complexity of 
hemispheric asymmetries, which often may be explained by unrelated causes. For instance, a 
linguistic explanation for the LH bias for categorical judgements of spatial relationships, put 
forward by Kosslyn et al. (1989), has since been complicated by explanations involving 
temporal dynamics, and hemispheric differences in receptive field sizes and spatial frequency 
processing (van der Ham, van Wezel, Oleksiak & Postma, 2007; Okubo & Michimata, 2004; 
Jager & Postma, 2003). Adding to this the unpredictable effects of task demands which can 
swap the apparent hemisphere an effect is found in Studer and Hubner (2008), it is clear that 
caution must always be held when using visual field approaches to imply linguistic 
involvement.
Finally, it may be wondered why neurophysiological findings have corroborated the 
lateralised Whorf effect, (e.g. Siok et al., 2009; Liu et al., 2009; Mo et al., 2011). However 
these can generally be explained by postulating a reverse causality. In the case of the LH 
lateralised ERP components in Liu et al. (2009) and Mo et al. (2011), both markers have been
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associated with modulation by attention (Luck, 2005; Tiitinen, 1994). Should there be a bias 
in attention, this could then lead to significant visual effect for relevant neurophysiological 
markers: in effect they are evidence themselves of an attentional bias. In these cases, there is 
no strong evidence that the components are associated with language, so there is no reason 
why their latéralisation could not be caused by a further unknown cause. Similar to the 
findings of Siok et al. (2009), activation of language areas of the brain during between- 
category trials of the task does not necessarily mean that this activation is interacting more 
readily with the left hemisphere’s perceptual areas. A similar explanation can be given to 
the apparent switch of categorisation from the RH to LH with toddlers (Franklin & Davies, 
2004), with the possibility that this reflects biases in attention which switches rather than 
categorical representations (e.g. Liegeois, Bentejac, & de Schonen, 2000).
In summary, the visual search approach of Gilbert et al. (2006) seems to produce lateralised 
effects of perceptual distance independently of the involvement of language, and could 
potentially be greatly susceptible to biases of attention. Great care should be taken when 
interpreting hemispheric asymmetries in reaction times, as irrelevant hemispheric 
asymmetries may produce misleading results. Evidence for a lateralised Whorf effect needs 
to be stronger and more enduring across task types to be truly convincing. Strong evidence 
for task independent effects of language on basic perceptual tasks remains to be found. 
Further research needs to clarify any top-down effects of language on active perception, but 
currently neurophysiological or cross-cultural approaches seem best suited to tackle this 
question given the staggering complexity of hemispheric specialisation, cross-callosal 
interplay and attention.
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Chapter 3: The effect of verbal interference on categorical perception of
colour
3.1. General Introduction
Due to the concordance of linguistic colour categories and perceptual colour categories, the 
interactions between language, thought and perception can be explored by studying colour 
perception. One area of research is on how the categories which are represented in language 
brain areas may produce systematic behavioural differences in perception. Although, much 
evidence points to a view that early perception is universal and that it is constructed 
automatically as a result of visual statistics and/or the properties of our visual apparatus 
(Lindsey & Brown, 2006; Regier, Kay & Cook, 2005; Shepard, 1992; Kay & McDaniel, 
1978), some evidence suggests that language can induce effects in a top-down online manner 
(Lupyan, 2010; Roberson & Hanley, 2010). According to this theory, high-level verbal 
representations can moderate lower perceptual representations which they are actively linked 
to: colour information entering perception activates verbal labels overshadowing it, which 
feeds back creating a greater distinction/confusion at the lower perceptual stage. The bi­
directional flow of information in this theory whilst involving higher language areas opposes 
a more classical mechanism whereby higher level cognitive influences (i.e. language) simply 
bias later ‘response’ stages, and do not interfere with early perceptual stages. This possible 
on-line flow of information from higher language areas is theorised to rely on linguistic 
working memory being unoccupied and able to influence perception (Roberson & Davidoff, 
2000).
This chapter focuses on arguments involving the use of verbal interference as an approach to 
imply language involvement in perception (e.g. Roberson & Davidoff2000; Pilling, Wigget, 
Ozgen & Davies, 2003; Gilbert et ah, 2006; Winawer et ah, 2007). In this approach, a 
perceptual effect is examined under conditions of verbal and spatial working memory load, in 
order to indicate that language is involved. If it is found that the effect remains under the 
spatial working memory load, but not under the verbal load, then it is concluded as strong 
evidence that the effect relies on the resources used for verbal working memory. For visual 
search for colour categorical effects, this was first shown by Gilbert et al. (2006), who when 
presenting colours in a visual search task, demonstrated a lateralised CP effect as outlined 
above. In their study, they presented between-category conditions, in which the target was 
categorically distinct from the distractors, and within-category conditions, in which the target 
was the same named colour, but still different in hue. It was found, firstly, that a distinct
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advantage for between-category conditions was found in the right visual field / left 
hemisphere (RVF/LH)^\ Later participants performed the same task under various 
interference conditions with working memory loads varying in modality. In a spatial 
interference condition, participants had to remember the configuration of a small 
chequerboard which was presented in-between the visual search trials. In a verbal 
interference condition, they had to remember colour words or strings of numbers. It was 
found that the lateralised CP effect, whilst robust to a spatial interference task, was eradicated 
by a verbal interference task. Specifically under verbal interference the category effect in the 
RVF/LH appeared to reverse. This was taken as evidence that the effect relied on the 
availability of language processing resources to cause the lateralised effect. Roberson and 
Hanley (2011) theorised that the reversal of the category effect could be explained by a 
mechanism of language moderated categorical perception, in which performance on within- 
category trials is reduced due to confusion at the lexical processing level. The assumption of 
the mechanism of verbal interference is that it is preventing activation of lexical 
representations from feeding back onto earlier perceptual stages (e.g. Lupyan, 2009, 2008a, 
2008b).
Gilbert et al. (2006) have conducted the only study to find the effect of verbal interference on 
visual search, but other studies have found an effect with different tasks. For instance 
Winawer et al. (2008) found that CP specifically for the Russian light blue / dark blue 
(sinij/goluboyj) category boundary was eradicated by verbal but not spatial interference, with 
a simultaneous XAB task. In this task, English and Russian participants were shown a target 
colour alongside two other colours, and they had to pick the colour that was identical to the 
target. When the target and distractor colours crossed the Russian sinij/goluboyj boundary, 
Russian speakers were faster at responding, but this advantage was eradicated under verbal 
interference. Roberson and Davidoff (2000) found an effect of verbal interference with a 
similar task for English speakers with the blue/green boundary. However, they presented the 
two choice colours after a delay meaning that storage of the colour in memory was required. 
Pilling, Wiggett, Ozgen and Davies (2003) reported a similar effect when interference 
conditions were presented as blocks, except that they found that when the type of verbal 
interference was uncertain from trial to trial, then the effect survived. This suggests that the 
verbal interference may not necessarily fully knock out the categorical effect. Instead it seems 
that it may only work under certain conditions dictated by the task, possibly due to
" Chapter 2 deals with possible alternative explanations for the latéralisation o f this effect.
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participants not using verbal codes during verbal interference blocks. It is important to note 
that all of these studies differ from visual search in that they could rely much more on a 
verbal strategy affecting a later response stage; they all used the XAB task. Gilbert et al. 
(2006) are the first to show that visual search for colour, a task thought to rely more on 
perception, is affected by linguistic elements. This distinction is important as two studies 
have failed to find any effect of verbal interference on visual search for colour categories (Lui 
et al., 2008; Witzel & Gegenfurtner, 2011) in a number of different conditions. Whilst the 
results of Gilbert et al. (2006) appear to support the general pattern of previous findings, 
which could be more confidently said to rely on later cognitive processes, it is not clear why 
others have not found the same result. Furthermore, the differences in the perceptual nature 
of the two types of tasks warrant further exploration.
It has been claimed by one author (Lupyan, 2009) that the dual-task approach with verbal 
interference mimics aphasia. However, despite the straightforwardness of the dual-task 
approach, using the verbal/spatial interference approach to infer language involvement 
involves two assumptions which can be strongly criticised. First, interference tasks rest on 
the idea that they solely affect information in their modality, relying on a simple conception 
of isolated ‘black boxes’ of working memory which an emerging picture of working memory 
suggests is rapidly becoming out-dated (e.g. Baddeley, 2000). With classic models of 
working memory, an assumption is held that the contrasting content of the memory tasks 
knock out individual resources associated with that content, and affect joint processes 
equally. However contemporary research into working memory suggests that the different 
modalities share a lot of resources, and therefore each task may have further un-controlled 
effects (Vergauwe, Barroulliet & Camos, 2009; Morey & Cowan 2004; 2005). Second, is the 
often held assumption that tasks are equal in difficulty if they produce the same success rate. 
For instance Gilbert et al. (2006) ruled out the possibility that the verbal interference 
condition taxed general resources more than the spatial task due to the fact that participants 
correctly remembered interference stimuli in both conditions, at an equal frequency of 
success. Importantly, in this particular instance, accuracy was high (>90%) suggesting that 
ceiling effects may be at play. But in addition to this at a more theoretical level, equal 
accuracy in a memory task does not imply an equal tax on resources. This applies more 
generally in that accuracy is not a measure of the difficulty of tasks which are not directly 
comparable: a 50% success rate against a chess computer and a 50% success rate in flipping a 
coin do not mean that these tasks are matched in difficulty or the amount of attention and
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brain resources required. For instance a potential key difference in the verbal interference 
approach is that verbal memory is time-based so can rely on rehearsal, whereas the typical 
spatial memory task cannot be rehearsed in the same way (Morey & Mall, 2012). It has been 
shown that rehearsal requires attention (Naveh-Benjamin & Jonides, 1984; Chen & Cowan, 
2009) and therefore, the modality general resources used for rehearsal may be causing the 
interference effects rather than the language resources on which the theory rests.
The verbal/spatial interference dual-task approach derives originally from reasoning 
involving Baddeley’s (1986; 1992; 2000) highly influential model of working memory, 
where there exist two subsystems, the visuo-spatial sketchpad and the phonological loop.
The visuo-spatial sketchpad stores information about form, colour and other visual and 
spatial information, whereas the phonological loop stores auditory information, which can be 
rehearsed (with the articulatory rehearsal component). The structure of this model 
emphasises the ability of information of both modalities to be stored independently of each 
other, without interfering. That is, new auditory/verbal information would interfere with 
what is already in the phonological loop, but leave the visuo-spatial sketchpad contents intact. 
This general idea of separate and non-interfering working memory spaces has been supported 
by brain imaging studies (Smith, Jonides & Koeppe, 1996; Smith & Jonides, 1995; 1999; 
Courtney, Roth & Sala, 2007; Curtis & D’Esposito 2004; Levy & Goldman-Rakic, 2000), 
which generally show that tasks that involve these different modalities activate separate brain 
areas. Framing the online verbal account of CP findings in this model, it is thought that 
typically the phonological loop is occupied due to the automatic labelling of visually 
presented material, presumably due to some process akin to ‘verbal overshadowing’ 
(Brandimonte, Schooler & Gabbino, 1997), whether or not conscious labelling takes place. 
However, if the phonological loop is already occupied with task irrelevant information (such 
as that from a verbal interference task) then this automatic labelling does not occur and 
perception is free from verbal effects. With this idea in mind, it is thought that by showing 
that verbal information alters visual search for colour categories, it is indicating that the 
phonological loop is enabling the original categorical effects.
Despite this picture, both memory subsystems are supervised by the central executive. 
Therefore, because different tasks can use these shared resources to differing degrees, the 
source of the interference is less predictable. Many studies have indeed shown evidence that 
modalities are separate. For instance, memory traces in different modalities are free from 
interference (Cocchini, Logie, Della Sala, MacPherson, & Baddeley, 2002) and attention can
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be deployed to different modalities at the same time (Duncan, Martens, & Ward, 1997). 
However, other studies have shown that storing information from one modality can after all 
effect others, such as Dell’Acqua and Jolicoeur, (2000; also Jolicoeur, 1999) who 
demonstrated that memory for visual patterns was disrupted when memorising tone pitches. 
The authors suggest that there are some shared working memory resources which are 
independent of modality. So whilst some tasks show no effect between modalities, 
attentional effects such as the attentional blink have been found to be moderated by 
information in another modality under certain conditions (Amell & Jolicoeur, 1999). In 
particular, it has been found that when serial order is important to remember, verbal memory 
can be disrupted by spatial information (Morris, 1987) and spatial information by verbal 
information (Jones, Farrand, Stuart & Morris, 1995, Klauer & Stegmaier, 1997). Other 
cross-modal effects exist such as the finding that visual working memory can be disrupted by 
covert verbal retrieval (Ricker, Cowan & Morey, 2010). However, the effect of verbal 
interference on domain general resources is generally assumed to be controlled by testing in a 
similar condition in which the visuo-spatial sketchpad is occupied, therefore conceivably 
taxing the central executive to the same extent. Despite the fact that verbal interference can 
affect non verbal tasks, it should not matter so long as a suitable control is used which is also 
using the same shared resources. This logic lends itself to the dual task approaches with 
verbal interference, and the visual / verbal dual code theory applies widely throughout 
cognition (e.g. Paivio, 1986). Indeed visual search has also been shown to be slowed by a 
concurrent spatial working memory load (Oh & Kim, 2004; Woodman & Luck, 2004). This 
slowing is thought to be due to the tasks competing for the same limited spatial working 
memory resources (Morey & Cowan, 2005).
Despite this potential for a balance in central executive resource use between verbal and 
spatial interference tasks, the actual extent to which different tasks rely on these resources is 
unclear. For instance, previous dissociations between different modalities in memory can be 
explained by tasks differentially accessing a shared time-based mechanism (Morey & Mall, 
2012; Vergauwe, Barroulliet & Camos, 2009; Stevanovski & Jolicoeur, 2007, Morey & 
Cowan, 2004, 2005). This mechanism aids in the storage of information that exists across 
time, and can therefore be rehearsed. This ability to rehearse is something which clearly 
separates the typical spatial and verbal tasks used in Gilbert et al. (2006), and as mentioned 
greater attention is used for rehearsal (Naveh-Benjamin & Jonides, 1984; Chen & Cowan, 
2009). Also, Cowan (1995,2001) demonstrates that the focus o f  attention itself is a shared
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working memory resource: attention cannot be easily deployed in parallel to dissociated 
information in different modalities. The implication of this is that if the verbal task captures 
more attention (again due to rehearsal) than the spatial task, then this could distract attention 
from the visual search as a whole and cause the loss of apparent CP. These ideas lend 
credence to the fact that rehearsal of verbal material can affect performance on spatial tasks, 
due to competition for a time-based shared mechanism or due to altering the focus of 
attention. For instance, Morey and Cowan (2004) show that rehearsal of a new 7-digit list 
causes interference in a spatial task, whereas an old list does not. This result demonstrates 
that active rehearsal in working memory can have consequences outside of its modality.
Also, Morey and Cowan (2005) show that active rehearsal out loud of verbal information 
caused stronger interference on a visual task than when this was rehearsed silently. In 
simple terms, it could be predicted that the verbal interference task affects the visual search 
times not because of its verbal nature, but because participants are rehearsing and paying 
attention to that task more than when memorising the spatial task. When faced with a 
chequerboard, no rehearsal is really possible; participants either recognise it later or not. 
Indeed, Anderson, Mannan, Geraint, Sumner, and Kennard (2008) have found similar effects 
of interference on visual search with both a spatial and a verbal working memory task; 
however these tasks were balanced, with a series of locations to be remembered, meaning that 
the stimuli which had to be remembered existed across time as well as in space. This leads to 
the idea that if the verbal and spatial interference tasks were more comparable, equally taxing 
central executive resources, then maybe no different effect on visual search would be seen. 
The fact that activated central executive resources can affect visual search specifically is 
confirmed by Han and Kim (2004) who demonstrated a marked drop in visual search times 
when greater executive resources were involved.
The experiments presented in this chapter aim to demonstrate that the verbal interference 
approaches used thus far in the literature for linguistic moderated CP are not conclusive, and 
do not constitute strong enough evidence to show that language is involved in visual search. 
Experiment 3.1 examines the effects of the original verbal and spatial interference stimuli of 
Gilbert et al. (2006) on a visual search task without any possible linguistic influences.
Should the effect of verbal interference be different to that of spatial interference in 
conditions where there is no linguistic distinction between the colours, then it would suggest 
that the two tasks are affecting other aspects of visual search. Experiments 3.2 and 3.3 test 
the effects of verbal interference with a novel form of control interference: melodic
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interference. Melodies, like a string of words, exist in a temporal dimension and can 
therefore be rehearsed. Both can be balanced in terms of the number of elements, the length 
of sounds, and the size of the set. However, like spatial interference, there is evidence that 
melodic information is processed separately from verbal information (Peretz & Coltheart, 
2003; Schmithorst, 2005; Zatore, Evans & Meyer, 1994), and does not interfere with verbal 
processing to the same extent (Deutsch, 1970; Pechmann & Mohr, 1992; Schendell & 
Palmer, 2007). Experiment 3.4 tests this assumption by assessing the level of interference 
that melodic and verbal stimuli have on a version of the visual search task where participants 
have to name the stimuli.
Summary o f main research questions
1. Does verbal interference specifically target the potential verbal aspect of colour 
categorisation in visual search tasks?
2. Does verbal interference affect visual search regardless of whether colours in visual 
search have different names?
3. Does verbal interference affect colour CP differently to melodic interference?
3.2. Experiment 3.1: Verbal interference effects with same-category colours.
3.2.1, Introduction
Gilbert et al (2006) found that the RVF category effect was abolished when participants had 
to memorise colour words between trials, putting the language regions under increased load. 
Memorising chequer boards however did not have the same effect. This experiment will use 
these tasks but instead of using colour pairs that cross a linguistic colour boundary, the green 
colours of Experiment 2.2 will be used. It is expected that verbal interference will knock out 
the perceptual distance effect found in this Experiment 2.2, even though it does not involve 
language. It is theorised that if an effect survives verbal interference then it does not involve 
language, but that if it is knocked out then this is because the verbal working memory aspect 
of the interference task was required for the effect to emerge. Explanations involving shared 
central executive resources are controlled for by a non-verbal task, typically a spatial 
interference, to which it is assumed that a similar level of central executive resources are 
applied. This last assumption is tenuous in the light of recent research which suggests that 
non-verbal shared executive resources can also be targeted by verbal but not spatial
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interference (e.g. Morey & Cowan, 2005). Specifically, the time-based nature of verbal 
information and the drawing of attention engendered by rehearsal are not specific verbal 
attributes, but clearly distinguish a typical verbal interference task fi'om a spatial one. This 
means that verbal interference may not specifically be affecting verbal working memory, but 
having some more general effect of shared resources also used by visual search, and that 
spatial interference is not having the same effect. In the following experiment, participants 
performed visual search for targets amongst distractors where all colours were green and 
therefore no verbal codes are useful for the task. Like the previous experiments, the colours 
were spaced so that there was a ‘far’ pair and a ‘near’ pair, which creates a distance effect, 
where reaction times are expected to be lower to the far pair compared with the near pair. 
Participants performed this visual search under a direct replication of the two interference 
(verbal / spatial) conditions in Gilbert et al. (2006), to see whether the distance effect is 
affected in a different way by the two conditions. For the validity of this approach to stand, 
there should be no difference in the effect of verbal and spatial interference on the perceptual 
distance effect: if verbal interference is only affecting verbal codes then when no verbal 
codes are useful in the task, it should not have an effect when compared to spatial 
interference. However, if  an effect is found then it would raise questions about whether the 
effect on categorical perception in the original study involves language as well as other 
mechanisms (e.g. Gilbert et al., 2006; Roberson & Davidoff, 2000; Winawer et al., 2007).
3.2,2. Method
Participants
There were 20 participants, 16 of whom were female, and the mean age of the sample was 
19.75 years (SD = 0.91). All were native English speakers, were right handed as assessed 
with the Edinburgh Handedness Inventory (Oldfield, 1971), and had normal or corrected-to- 
normal vision. Participants were screened for colour vision deficiency using the City 
University Colour Vision Test (Fletcher, 1980). Participants either received psychology 
course credits or money for taking part.
Apparatus and experimental setup
Stimuli were presented on a Sony Trinitron CRT monitor (model GDM-F520). The centre of 
the monitor was at the participants’ eye-level and a viewing distance of 70cm was maintained 
using a chin rest. The experiment took part in a darkened laboratory, with the only light
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being that emitted by the monitor. The apparatus and experimental setup were identical for 
all subsequent experiments.
Stimuli and Design
Visual search stimuli: Stimuli were circular patches of computer-generated colour 
(radius 45mm ~3.5°). Three colours were taken from the green region of the Munsell colour 
system, and varied only in Munsell Hue (IG, 5G, lOG), with Munsell Value and Chroma 
kept constant (see table 3.1 and figure 3.1). This gives two pairs of colours for the 
experiment, a near pair with a distance of 4 Munsell Hue steps (IG and 5G) and a far pair 
with a distance of 5 Munsell Hue steps (5G and lOG). These pairs were designed to mimic 
the perceptual distance effect of categorical perception, with the far pair corresponding to a 
between-category pair of colours and the near pair corresponding to a within-category pair. 
The colours were rendered on a calibrated monitor, and verified with a colorimeter 
(Cambridge Research Systems ColorCal, Rochester, U.K.).
Table 3.1: Colours used for Experiment 3.1. x y Y coordinates were calculated from look-up 
tables for Munsell colours under illuminant C. The colours give a ‘near’ pair of two greens 
(IG & 5BG), and a ‘far’ pair of two greens (5 G & lOG). The background is a grey at 
Illuminant C (Illuminant C: x = 0.310, y = 0.316).
H V C X Y Y
IG 6 6 0.3034 0.4092 30.05
5G 6 6 0.2748 0.3795 30.05
lOG 6 6 0.2591 0.3558 30.05
Background 0.3100 0.3160 30.05
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Figure 3.1: Colours used for Experiment 3.1. The colours give two pairs, a near and a far pair 
with the near pair differing by four Munsell hue units, and the far pair differing by five.
The search array was constructed by having 12 notional circles of 45mm (=3.5°) equally 
spaced around a larger notional circle of 155mm (=12.5°) diameter, with six locations on 
each side. The coloured stimuli appeared in these locations on a grey background. On each 
trial, one of the stimuli (the target) was different to the stimulus at all other locations (the 
distractor). Targets did not appear at the two locations at the top and bottom (as these were 
very close to the vertical midline). Each stimulus in the Far and Near stimulus pairs appeared 
as the target, with the other stimulus in the pair appearing as the distractor.
Interference task stimuli: The interference stimuli were the same as those used in 
Gilbert et al. (2006). For the verbal-interference task, a single random colour word was 
displayed from the set: beige, black, brown, grey, orange, pink, purple, red, violet, white, and 
yellow. For the spatial-interference task, the displays consisted of a 5cm by 5cm 
chequerboard in which a random 12 of the 25 squares (Icm^) were black and 13 were white.
Procedure
At the start of each trial, a central fixation cross was presented on a grey background, and 
participants were instructed to fixate the central fixation cross. After 1000ms, the 
interference task stimulus was shown (either a word for the verbal interference task, or a 
chequerboard for the spatial interference). This was shown for 1000ms during which the 
participants were instructed to respond with both thumbs on a central button on a serial port 
button box should the interference stimulus be the same as the preceding one. This was 
followed by another 1000ms with just the central fixation cross, and then the search array was 
shown for 200ms. This was followed by the grey background which remained until a 
response was made. Participants were asked to indicate the left/right position of the coloured 
‘odd-one-out’ using two horizontally aligned buttons on the box, with the left index finger on
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the left button for left targets and the right index finger on the right button for right targets (as 
in Gilbert et ah, 2006). No response was required for a different interference trial stimulus. 
Participants performed both verbal and spatial interference tasks in a counterbalanced order, 
in blocks of 120 trials. Reaction time and accuracy was recorded for the visual search task, 
as well as responses to the interference task.
Fixation
(1000ms)
orred
Interference
(1000ms)
Fixation
(1000ms)
Visual search 
(200ms)
Blank screen 
(until response)
Figure 3.2: Flow diagram of procedure for Experiment 3.1
3.2.3. Results
The first 10 trials were counted as practice trials and excluded from analysis. Trials with 
reaction times under 100ms and over 2.5s were excluded as outliers, as were trials with 
reaction times over or under 1.96 standard deviations away from the condition mean for the 
participant. After this, the median reaction time for correct responses, and accuracy were 
calculated for each condition and participant. Observing reaction times in Figure 3.3, there 
seems to be a slightly greater distance effect for the spatial interference condition than in the 
verbal interference condition. A 3-way ANC VA was conducted on the reaction times with 
interference (spatial / verbal), distance (near / far) and visual field  (LVF / RVF) as factors. 
The interaction between interference and distance was significant: F(l,19) = 7.50, j9<.05.
Post hoc paired samples t-tests revealed a significant overall distance effect (collapsing across 
visual field) for the spatial interference condition ( f^ (19) = 3.74,p<.01 ) which was not 
significant for the verbal interference condition ( /^ (19) = 1.00,/? = .34) thus indicating that 
verbal interference ‘wiped out’ the distance effect. The 3-way interaction between 
interference, distance and visual field  was not significant, F(l,19) = 2.83,/?=.ll, but in the
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interests of comparing the data with Gilbert et al. (2006) planned ANOVAs were undertaken 
on the interference conditions separately to evaluate any possible distance x visual field  effect 
in each interference condition. Neither condition produced a distance x visual field effect 
(Spatial: F(l,19) = .77,/>=.39; Verbal: F(\,19) = 2.84,/>=.ll). The same 3-way ANOVA 
performed on the accuracy scores resulted in a main effect of distance: F(l,19) = 9.60,/» < 
.01. All other main effects and interactions for both accuracy and reaction times were not 
significant (for accuracy, largest F=1.74, smallest /?=.20; for reaction times, largest 
F=2.83,smallest /?=. 11 )
Reaction Times Accuracy
500
<u 450
400
Spatial Verbal
Interference Type
m 0.8
I  0.7
Spatial Verbal
Interference Type
Far
Near
Figure 3.3: Mean reaction time and accuracy results for Experiment 3.1: visual search task 
with all green stimuli, with the spatial and verbal interference conditions of Gilbert et al. 
(2006). Error bars show standard error of the mean (±1 SE). The visual field condition, 
which was not significant as a main effect or in any interactions, has been collapsed to allow 
easier comparison of the interference conditions.
3.2.4. Discussion
The results of this experiment demonstrate a significant effect of the type of interference task 
on visual search for targets that have no categorical or linguistic distinction from the 
distractors. Specifically, under the condition of verbal interference, reaction times are similar 
regardless of the perceptual distances between the target and distractors (the far and near 
pairs in the design), but for spatial interference there is a difference. This finding resembles 
the pattern found by Gilbert et al. (2006), in which a category effect was found under spatial 
interference but not under verbal interference. As there is no enhanced categorical/linguistic 
status for the ‘far’ pairs in this design, there is no straightforward reason for verbal
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interference to affect the reaction times in this way. This suggests that whatever is causing 
the perceptual distance effect to be knocked out in the verbal interference condition is not due 
to the language element of the interference, but some other aspect. For example, this may be 
a difference in the overall focus of attention devoted to the visual search portion of the task 
(e.g. Cowan, 2003) or an interaction involving the occupation of shared time-based resources 
(e.g. Morey & Mall, 2012) and many other studies have found cross-domain interference (e.g. 
Morey & Cowan 2004, 2005; Stevanovski & Jolicoeur, 2007). These results also suggest that 
the element of verbal interference which is knocking out the perceptual distance effect could 
also be influencing the same finding in the Whorf effect, thereby implicating a problem in the 
interpretation of the original data. This means that it may not be the language aspect of 
Gilbert et al.’s (2006) effect that is being ‘knocked out’ by verbal interference, but as in this 
experiment, a perceptual distance effect. Essentially the effect of verbal interference found in 
Gilbert et al. (2006) could simply be due to an imbalance in the perceptual distance between 
the within- and between-category conditions (as mentioned in Chapter 2, and Witzel & 
Gegenfurtner, 2011) combined with a domain-general effect of verbal interference on the 
visual search times. This is because if verbal interference affects non verbal aspects of visual 
search in this task, then it could be expected to have the same effect on the task of Gilbert et 
al. (2006). In contrast, Witzel and Gegenfurtner (2011) performed 4 different replications of 
a similar visual search task to that of Gilbert et al. (2006) with interference conditions and 
found no effect (see also Lui et al., 2008). With more published reports not finding an effect 
of verbal interference on visual search for colour, it becomes clearer that something unrelated 
to language such as attentional focus may account for why verbal interference can affect 
results in some cases and not others. An alternative approach to evaluating the equivalence 
of verbal and spatial interference in non-linguistic environments is to change the type of 
control interference used. In the next series of experiments, a different type of control 
interference will be tested on the blue/green boundary alongside verbal interference to see 
whether rehearsal or attentional focus best explain the effects of verbal interference on visual 
search.
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3.3. Experiment 3.2: The effects of verbal and melodic interference on category effects
on colour search.
3.3.1. Introduction
As outlined previously, tasks using verbal interference have been used to theorise that if an 
effect survives verbal interference then it does not involve language. Conversely, if  an effect 
is knocked out by verbal interference then this is because the verbal working memory aspect 
of the interference task was required for the effect. Explanations involving shared central 
executive resources are controlled for by a non-verbal task, typically spatial interference, of 
which it is assumed that a similar level of central executive resources is applied. This last 
assumption may be brought into question in the light of the results of Experiment 3.1 which 
suggest that shared resources which are non-verbal can also be targeted by verbal but not 
spatial interference. In particular, the temporal nature of verbal information and the increased 
attention produced by rehearsal are not specifically verbal properties, but clearly differentiate 
a typical verbal interference task from a spatial one. This suggests that a non-verbal control 
task which is more similar to the verbal interference task by way of involving the possibility 
of rehearsal would be a more appropriate control condition than the spatial task used by 
Gilbert et al. (2006). Here melodies are used because they are time-based and rehearsable, 
and are arguably a more similar non-verbal stimulus to verbal information without being 
comprised of words Should a CP effect be knocked out by verbal interference and not by 
melodic interference then this should be even stronger evidence that it is the verbal nature of 
the interference which is causing the CP effect to be reduced. Should there be no difference 
in the tasks then alongside the results of Experiment 3.1, further questions must be asked of 
the verbal nature of the interference. This experiment will be a close replication of the 
interference experiments of Gilbert et al. (2006), with similar colours, except instead of 
spatial interference, melodic interference will be used. With the results of chapter 2 already 
suggesting that CP does not rely on active verbal codes in this task, it is hypothesised that the 
effects of melodic interference will be indistinguishable from those of verbal interference. 
Verbal interference will consist of a string of words, whereas melodic interference will 
consist of random melodies, of equal number of notes to syllables. If overall CP is not
An alternative to using melodies would have been to use a spatial task like that o f Anderson, Mannan, 
Geraint, Sumner, and Kennard (2008) in which a number o f locations are to be remembered thereby allowing 
rehearsal. However, melodies were chosen instead due to the potential for a sequential spatial task to have 
interactions with the response mapping aspect o f the visual search task.
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affected by verbal interference compared to melodic interference then this would be evidence 
against CP being solely linguistic in nature.
3.3.2. Method
Participants
There were 20 participants, 15 of whom were female, and the mean age of the sample was 
19.50 years (SD = 1.192). All other participant details were the same as in Experiment 3.1
Stimuli and Design
Search task stimuli: Stimuli were circular patches of computer-generated colour 
(radius 45mm -3.5°). Three colours were taken from the blue-green region of the Munsell 
colour system, and varied only in Munsell Hue (lOBG, 5BG, lOB), with Munsell Value and 
Chroma kept constant (see Table 3.2). The three hues formed two colour pairs, one of which 
(lOBG & 5BG) straddled the English blue-green naming boundary at 7.5BG (e.g. Bomstein 
and Monroe, 1980), and one of which fell within the blue category (5B & lOBG). This gave 
a ‘between-category’ and ‘within-category’ stimulus pair. The two stimuli in each pair were 
equally spaced in Munsell Hue in a similar manner to Drivonikou et al, (2007). The colours 
were rendered on a calibrated monitor, and verified with a colorimeter (Cambridge Research 
Systems, ColorCal, Rochester, U.K.).
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Table 3.2: Colours used for Experiment 3.2. x y Y coordinates were calculated from look-up 
tables for Munsell colours under illuminant C. The colours give a between-category pair of 
Blue (lOBG) and Green (5BG), and a within category pair of 2 Blues (5B & lOBG). The 
background is a grey at Illuminant C (Illuminant C: x = 0.310, y = 0.316).
H V C X y Y
5B 6 6 0.2202 0.2712 30.05
lOBG 6 6 0.2224 0.2983 30.05
5BG 6 6 0.2338 0.3301 30.05
Background 0.3100 0.3160 30.05
BETWEEN-CATEGORY
I------------
5BG
— GREEN
WITHIN-CATEGORY
lOBG 5B
BLUE
Figure 3.4: Colours used for Experiment 3.2. The colours give a between-category pair of 
Blue and Green, and a within-category pair of two Blues.
The search array was constructed by having 12 notional circles of 45mm (-3.5°) equally 
spaced around a larger notional circle of 155mm (-12.5°) diameter, with six locations on 
each side). The coloured stimuli appeared in these locations on a grey background. On each 
trial, one of the stimuli (the target) was different to the stimulus at all other locations (the 
distractor). Targets did not appear at the two locations at the top and bottom (as these were 
very close to the vertical midline). Each stimulus in the between- and within-category 
stimulus pairs appeared as the target, with the other stimulus in the pair appearing as the 
distractor.
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Interference Task Stimuli: The verbal interference task consisted of a random selection 
of four colour words played out on speakers, one word per second. All words were read out 
by a speech synthesizer in a male voice (note = F#2). The colour words that were randomly 
selected were: black, brown, orange, pink, purple, red, white, and yellow. The melodic 
interference task consisted of four random synthesized piano notes taken from eight notes of 
the C Major scale beginning with middle C, one note per second. This resulted in both 
interference tasks being matched on frequency of presentation of stimuli, number of stimuli, 
and size of set which they could be drawn from (complexity of set). For the first four trials 
the interference stimuli always changed, and did not require a response. After that, the 
interference stimuli changed randomly 90% of trials, but on 10% of trials it stayed the same, 
therefore requiring a response.
Procedure
At the start of each trial, a central fixation cross was presented on a grey background, and 
participants were instructed to fixate the central fixation cross. After 1000ms, the 
interference task audio stimuli were played (4 notes/words at 1000ms onsets), then followed 
an additional 500ms interval in which the participants were instructed to respond with both 
thumbs on a central button on a serial port button box should the interference stimuli be the 
same as the preceding one. Then the search array was shown for 200ms and was followed by 
the grey background which remained until a response was made. Participants were asked to 
indicate the left/right position of the coloured ‘odd-one-out’ using two horizontally aligned 
buttons on the box, with the left index finger on the left button for left targets and the right 
index finger on the right button for right targets (as in Gilbert et al., 2006). No response was 
required for a different interference trial stimulus. Participants performed both verbal and 
melodic interference tasks in a counterbalanced order, in blocks of 120 trials. Reaction time 
and accuracy was recorded for the visual search task, as well as responses to the interference 
task.
77
Fixation
(1000ms)
Interference
(4000ms)
Fixation
(500ms)
Visual search 
(200ms)
Blank screen 
(until response)
Figure 3.5: Flow diagram of procedure for Experiment 3.2
3.3,3. Results
For each participant the first 4 trials were excluded as practice trials, and trials with reaction 
times under 100ms and over 2.5s were excluded. Individual trials with reaction times over or 
under 1.96 standard deviations away from the condition mean for any given participant were 
also excluded as outliers. Following this, the median reaction time for correct responses and 
accuracy were calculated for each condition and participant.
Figure 3.6 gives the mean accuracy and reaction times for participants across the interference 
type and category conditions. There does not appear to be any difference in the category 
condition for the two types of interference. This was confirmed by a 3-way mixed-design 
ANOVA applied to the reaction time scores, with interference type (Melodic / Verbal), 
category (Between/ Within) and visual field  (LVF / RVF) as repeated measures variables.
For reaction time, the main effect of category was significant (7^(1,19) = 43.87, < .001), 
reflecting faster reaction times for between trials than within trials. Also, for accuracy the 
main effect of category was significant: F(l,19) = 28.68,/? < .001. It is worth mentioning 
that for both reaction time and accuracy, there was no greater category effect in the RVF/LH 
than in the LVF/RH in either condition. All other effects and interactions were not significant 
(for accuracy, greatest F  = 0.26, smallestp  = 0.64 for interference main effect, and for 
reaction times, greatest F  = 1.21, smallestp  = 0.29 for interference by category interaction).
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Figure 3.6: Mean reaction time and accuracy results for Experiment 3.2: visual search task 
with melodic and verbal interference. Error bars show standard error of the mean (±1 SE). 
The visual field condition, which was not significant either by itself or in any interactions, 
has been collapsed to allow easier comparison of the interference conditions.
3.3.4. Discussion
The results demonstrate that the size of the category effect is not affected differently by 
auditory melodic and verbal interference. Instead a significant category effect was found 
overall for both reaction times and accuracy, in both melodic and verbal interference 
conditions. This is in contrast to the results of Gilbert et al. (2006) in which their (visually 
presented) verbal interference task eradicated an overall category effect which survived their 
non-verbal interference task (spatial interference). These results imply that the verbal aspect 
of verbal interference may not be having any specific effect on the task, but any effects which 
it produces may be the result of domain general resources. Two aspects of the results are of 
note here: firstly, the category effect is found to have survived verbal interference. This is 
compatible with the results of Witzel and Gegenfurtner (2011) and Lui et al. (2008) who 
found no significant effect of verbal interference on their results. Secondly, the effect 
appears to be greater (111ms) when compared to the equivalent task with no interference in 
Experiment 2.1 (61ms). Predictably with interference, reaction times are slower, and 
accuracy overall is lower, but this seems to have manifested in a greater CP effect. It is not 
clear why such a difference in the size of category effect is found, but to confirm this effect, 
testing both conditions alongside a no-interference condition would rule out any explanations 
involving different intervals between the test stimuli or effects of task length.
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3.4. Experiment 3.3: The effects of verbal, melodic and no interference on categorical
colour search.
3,4.1. Introduction
The results of Experiment 3.2 suggest that there is no apparent distinction between 
categorical perception of blue / green under verbal interference and melodic interference.
This result goes against the findings of Gilbert et al. (2006), and suggests that the original 
effect is not due to a verbally mediated mechanism that verbal interference is affecting this 
visual search. However this current finding was found without a non-interference control. In 
this experiment the same procedure as Experiment 3.2 was applied except that in addition, all 
participants took part in a block of trials in which no interference was present. This 
experiment will allow the comparison of the auditory verbal and melodic interference 
conditions against a non-interference control. An additional modification was made to the 
colours, which were taken from Siok et al. (2009). For these colours, the within-category 
distance and between-category distance was found (by Witzel & Gegenfurtner, 2011) to be 
nearly equated in JND, meaning that in terms of JNDs, the pairs were equidistant in 
perceptual space.
3.4.2. Method
Participants
There were 18 participants, 15 of whom were female, and the mean age of the sample was 
20.11 years (SD = 1.53). All other participant details were the same as experiment 3.1.
Stimuli and Design
The stimuli and design of the experiment were similar to Experiment 3.2 with only the set of 
colours differing, and the inclusion of a no-interference condition. The colours were taken 
from an equivalent search task used in Siok et al.(2009; see Table 3.3 and Figure 3.7). These 
colours were chosen because their within-category and between-category distances were 
equated, as measured in just noticeable distances (JNDs) according to calculations performed 
by Witzel and Gegenfurtner (2011; supplementary material). The four hues formed three 
colour pairs, one of which (B2 & G2) straddled the English blue-green naming boundary, one 
of which fell within the blue category (B1 & B2), with the last falling within the green 
category (G1 & G2). This gave a ‘between-category’ and two ‘within-category’ stimulus
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pairs, with the delta E for within-category distances (AE 17.89) negligibly exceeding the 
between-category distances (AE 17.48). The colours were rendered on a calibrated monitor, 
and verified with a colorimeter (Cambridge Research Systems ColorCal, Rochester, U.K.).
Table 3.3: Colours used for Experiment 3.3. x y Y coordinates were calculated from look-up 
tables for Munsell colours under illuminant C. The colours give a between-category pair of 
Blue (B2) and Green (G2), a within-category pair of two Blues (B1 & B2), and a within- 
category pair of two greens (G1 & G2). The background is a grey at Illuminant C (Illuminant 
C: X = 0.310, y = 0.316).
L* U* V* X y Y
G1 62.263 -52.327 23.044 0.246 0.393 34.9
G2 62.440 -50.447 6.856 0.235 0.353 35.2
B2 63.054 -48.768 -10.53 0.224 0.316 36.0
B1 56.483 -41.453 -27.34 0.214 0.278 27.7
Background 0.310 0.316 56.7
WITHIN-BLUE BETWEEN-CATEGORY WITHIN-GREEN
II------- î ~ — If
B1 6 2  ' G 2 ' G 1
I
  BLUE ' GREEN ---------------
Figure 3.7: Colours used for Experiment 3.3. The colours give a between-category pair of 
Blue and Green, a within-category pair of two Greens and a within category pair of two 
Blues.
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Procedure
The procedure was the same as Experiment 3.2 except participants performed three 
counterbalanced blocks of 120 trials in each of three conditions, one with verbal interference, 
one with melodic interference, and one with no interference. In the no-interference condition, 
a four second blank screen was shown in order to make the ISI between search tasks 
equivalent.
3.4.3, Results
The median reaction time for correct responses, and accuracy were calculated for each 
condition and participant, with outlier trials excluded as detailed in Experiment 3.1. Figure 
3.8 gives the mean accuracy and reaction times for participants across all conditions. Verbal 
interference does not appear to have a stronger effect on the category effect than melodic 
interference. This was confirmed by a 3-way mixed-design ANOVA applied to the reaction 
time scores, with interference type (Melodic / Verbal / None), category (Between/ Within) 
and visual field  (LVF / RVF) as repeated measures variables. For reaction time, the main 
effect of category was significant (F(l,17) = 43.55,/? < .001), reflecting faster reaction times 
for between trials (399ms) than within trials (422ms). Also, for accuracy the main effect of 
interference type was significant: F(2,34) = 7.21,/? < .01. Post-hoc paired samples t-tests 
with the Bonferroni correction revealed that the no-interference condition (97%) was 
significantly less accurate than the verbal interference condition (99%; ^(17) = 3.25,/?<.01), 
and the melodic interference condition (98%; ^(17) = 2.35,/?<.05). However there was no 
significant difference between both interference conditions: /(17) = 1.66,/?=. 12. It is worth 
noting again that there is a no evidence of a greater category effect in the RVF/LH than in the 
LVF/RH in either condition. All other effects and interactions were not significant (for 
accuracy, greatest F  = 2.34, smallestp  = 0.15^  ^and for reaction time greatest F=1.43,/?=.25).
This effect, which is approaching significance is due to the category by visual fie ld  interaction which reflects 
a marginally greater category effect for the LVF/RH than the RVF/LH across all interference conditions, which 
is opposite to the previously projected Whorfian account.
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Figure 3.8: Mean reaction time and accuracy results for Experiment 3.3: visual search task 
with melodic and verbal interference. Error bars show standard error of the mean (±1 SE). 
The visual field condition, which was not significant either by itself or in any interactions, 
has been collapsed to allow easier comparison of the interference conditions.
3.4.4. Discussion
The results reveal no significant effect of either type of interference on the categorical 
perception of the blue/green stimuli. This result challenges the results of Gilbert et al. (2006) 
and supports the findings of Witzel and Gegenfurtner (2011) and Lui et al. (2008) who also 
did not find any effect of verbal interference on this task. However for accuracy, the main 
effect of interference type was found to be significant, with both interference types resulting 
in greater accuracy than the no-interference type. This can potentially be explained in the 
context of Cowan’s (1995; 2001) focus of attention account, whereby the interference 
conditions are increasing attention overall to the both tasks. In the no-interference condition, 
participants were just shown a blank screen for the standard interference duration which may 
have caused a lowering of attention. Most importantly however, no difference was found for 
melodic and verbal interference in either accuracy or reaction times. It is not clear why 
Gilbert et al. (2006) found an effect of verbal interference on colour categorisation, but here 
there is no effect, similar to the findings of Witzel and Gegenfurtner (2011) and Lui et al. 
(2008). On the one hand, the results of Experiment 3.1 could imply that the verbal 
interference found in Gilbert et al. (2006) was not affecting the task due to language, but due 
to a greater use of attentional resources. However this experiment did not find any effect 
suggesting that here, enough resources were available for the effect to remain. It therefore
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remains unclear what effect verbal interference does have and even whether it has an effect. 
One possibility for not finding a difference between melodic and verbal interference is that 
melodic interference interferes with verbal codes just as much as verbal interference. Whilst 
there is evidence that suggests otherwise (Peretz & Coltheart, 2003; Schmithorst, 2005; 
Zatore, Evans & Meyer, 1994), it would be nonetheless informative to show dissociation 
between the effects of the two tasks on a task which is more conceivably verbal in nature. 
Secondly, there is some evidence to suggest that auditory verbal information is sometimes not 
processed as lexically as visually presented words (Penney, 1989). Showing dissociation 
between melodic and verbal interference would address this possibility too. However, it is 
worth noting here that the present experiment’s task required remembering four words 
compared to remembering one word in Gilbert et al.’s (2006) second experiment, making it 
theoretically more difficult.
3.5. Experiment 3.4: Verbal and melodic interference with a speeded category
identification task.
3.5,1. Introduction
The results of Experiments 3.2 and 3.3 suggest that there is no difference in the effect of 
verbal or melodic interference on categorical perception across the blue /green boundary. 
This leads to the suggestion that on-line use of language working memory is not responsible 
for this categorical perception. As previous results (see Experiment 3.1) have shown, this 
could be due to shared non-linguistic resources being interfered with more in verbal 
interference conditions, than in the control spatial interference condition. It is important 
however to show that melodic and verbal interference are sufficiently different to be able to 
dissociate verbal working memory use, and that this particular verbal interference task is 
showing an effect of verbal working memory. This last possibility arises in the light of 
evidence which suggests that aurally presented verbal material affects working memory less 
strongly that visually presented material (Penney, 1989). In the following experiment, 
participants perform the same task as Experiment 3.3, but instead of having to detect which 
side of the screen the target is on, they have to overtly identify the colour category of the 
target (green or blue). Since it is more likely that this identification process relies on verbal 
working memory being free, dissociation between verbal and melodic working memory is 
more likely to emerge here.
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3.5.2. Method
Participants
There were 12 participants, seven of whom were female, and the mean age of the sample was 
21.92 years (SD = 2.68). All other participant details were the same as Experiment 3.1.
Stimuli, Design and Procedure
The stimuli and design of the experiment were exactly the same as Experiment 3.3. The 
procedure was the same as experiment 3.3 but instead of responding to which side of the 
screen the target was on, participants were told to identify the colour name of the target that 
they had just seen as either green or blue. For each participant, the order of left/right buttons 
used on the button box for green/blue was counterbalanced.
3.5.3. Results
Median reaction time for correct responses, and accuracy were calculated for each condition 
and participant, with outlier trials excluded as detailed in Experiment 3.1. Figure 3.8 gives 
the mean accuracy and reaction times for participants across all conditions. It appears as 
though both melodic and verbal interference have an overall naming effect on reaction times, 
with verbal interference having an especially strong effect. This was confirmed by a 2-way 
repeated measures ANOVA applied to the reaction time scores, with interference type 
(Melodic / Verbal / None) and category (Between / Within) as repeated measures variables 
For reaction time, the main effect of interference type was significant, F(l,22) = 10.99,/? <
.01 reflecting faster reaction times for no-interference blocks (574ms) than melodic 
interference blocks (653ms) and verbal interference blocks (787ms). Post-hoc paired samples 
t-tests revealed that the no-interference condition had significantly lower reaction times than 
both melodic (/(II) = 3.91,/? < .01), and verbal interference (/(II) = 3.79,/? < .01).
Crucially verbal interference appeared to significantly increase reaction times over melodic 
interference: /(II) = 2.54,/? < .05. For accuracy, only the main effect of category was 
significant (F(I,11) = 9.97,/? < .01), reflecting greater accuracy for between-category (89%) 
compared to within-category trials (73%). All other effects and interactions were not
The target visual field was entered as a variable in an additional analysis, but had no effect on the pattern o f  
results, and was thus excluded for clarity and relevance.
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significant (for accuracy, greatest F  = 1.93, smallest/? = 0.17 and for reaction time greatest
F=.96, /?=.40).
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Figure 3.9: Mean reaction time and accuracy results for Experiment 3.4: category 
identification task with melodic and verbal interference. Error bars show standard error of 
the mean (±1 SE). The ‘Within’ and ‘Between’ labels refer to the trials of the previous 
experiment (Experiment 3.3), so for between-category trials, the distractors were of a 
different name to the target, and in within-category trials, they were the same name.
3.5.4. Discussion
The results of this experiment demonstrate that reaction times for a category identification 
task are significantly more increased by verbal interference than melodic interference. This is 
not unexpected as both the interference task and visual search task explicitly relied on 
accessing verbal working memory for colour names. A comparison of these results with 
those of Experiment 3.3 could imply that there is a key difference in the processing of these 
tasks. The only difference in the method of the tasks is that overt identification of the 
category occurs in Experiment 3.4 but not necessarily in Experiment 3.3. Because effects 
are shown when identification is required (with no difference between the interference 
conditions being found in Experiment 3.3), this suggests that no, or severely reduced overt 
identification is occurring during the running of the pure visual search version of task.
Despite this picture, it is unclear why verbal interference in these experiments has not lead to 
a reduction in CP as in Gilbert et al. (2006). One key methodological difference between the 
two tasks is that the verbal interference in these experiments is presented aurally whilst that 
in Gilbert et al. (2006) in the form of words appearing on the screen. A lack of effect of 
auditory verbal interference could be due to the reported weaker effect of auditory word
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presentation on working memory than visual word presentation. Or it may be that verbal 
information can be held in an acoustic code, and therefore interferes less with a phonological 
code (Penney, 1989). However, the results of this experiment suggest that the auditory task 
does have an effect on the phonological code, since it slows identification/labelling down. 
Second, whilst a difference in the strength of the verbal task could still be important in 
producing a large enough effect on the visual search task, the task itself was harder as 
participants had to remember five words instead of one. If verbal interference can affect this 
task when overt identification of the target colour is required, yet not when just spatial 
location of the target is required, then this suggests that identification/labelling is not 
occurring during simple visual search.
Predictably, reaction times here are slower overall for the category identification task, 
presumably due to the time required to access the lexical information. One question that may 
be raised is why no difference in the size of the category effect was found for verbal 
interference. This can be explained because both within- and between-category conditions 
require the identification of a target; there is no difference in this process for these two 
conditions. Therefore it is presumably this specific process of naming which is slowed by the 
verbal interference, and not any effect of locating the target against distractors of the same or 
different colour. This is additional evidence to support the idea that verbal interference is not 
interacting with verbal codes assigned to perceptual objects -  it implies that there is no verbal 
coding for the interference to react with. If verbal codes for the distractors were indeed 
interfering with category identification, then an effect of verbal interference on the category 
conditions would have been be seen.
3.6. General Discussion
Experiment 3.1 found that verbal interference had an effect on non-linguistic visual search 
compared to spatial interference. It was found that differences in reaction times to targets 
separated by varying degrees of perceptual distance from the distractors were found under the 
condition of spatial interference, but not with verbal interference. This leads to the 
suggestion that it may not be the linguistic aspect of the verbal interference task which is 
causing the eradication of the Whorf effect found in Gilbert et al. (2006). Rather, some other 
mechanism may affect speeded visual search in general, particularly in light of the reported 
imbalances in the perceptual distance of the colours by Witzel and Gegenfurtner (2011).
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Experiment 3.2 compared the effects of verbal with melodic (as a different control to spatial) 
interference on visual search across the blue/green linguistic colour boundary and finds no 
difference between the types of interference. Melodic interference conceivably shares more 
features with verbal interference as it is possible to rehearse melodic information. Not finding 
any difference here suggests that if verbal interference is having an effect it may not be due to 
the verbal nature of the task. Experiment 3.3 replicated this finding with a different set of 
colours, but it also showed that verbal interference appeared to have no effect at all. Neither 
type of interference appeared to affect the size of the category effect found. Experiment 3.4 
was a direct replication of Experiment 3.3 except that instead of locating the target, 
participants had to press a button to indicate the name of the target. Verbal interference 
delayed reaction times to the task overall, when compared to the melodic and no-interference 
conditions. This suggests that verbal interference is having a specific effect when covert 
naming of a colour is involved. Also, when comparing to the results of Experiment 3.3 it 
implies that no naming occurs during the simple spatial location of left/right in the standard 
visual search task, since no effect was found in this version of the task. This series of 
findings raises questions about the reliability of verbal interference as evidence for language 
effects in visual search tasks. The findings also question the general validity of the dual-task 
verbal/spatial interference approach for inferring language involvement.
One of the strongest rationales for language involvement in colour perception would be if it 
could be shown that the use of language brain areas is essential for some categorical effects in 
visual search. This is why Gilbert et al. (2006) used the classic verbal vs. spatial interference 
dual-task approach in order to infer that their categorical perception effect (both the overall 
and the lateralised effect) was reliant on language working memory. However, the results of 
this chapter do not unilaterally support this conclusion. The evidence against the validity of 
the verbal interference approach being a suitable tool to imply the involvement of language in 
visual search comes from three sources. First, some studies have found no influence of verbal 
interference compared to a task with no-interference (Witzel & Gegenfurtner, 2011; Lui et 
al., 2008; Experiment 3.4). If language is driving categorical perception after all, then it must 
be very unreliable as in both these extensive studies no effect has been found. It therefore 
remains to be found why verbal interference does have an effect in some experimental 
conditions but not others. Second, Experiment 3.1 demonstrated that verbal interference can 
affect visual search significantly more than spatial interference even when all colours have 
the same name. For the verbal/spatial interference approach to stand, there should be no
difference of the effects of verbal interference and spatial interference, on non-linguistically 
directed visual search so long as the tasks are equally balanced in cognitive load. Third, there 
is no difference in performance for verbal and melodic interference, despite this being the 
case when the task explicitly involves identifying category membership.
Part of the theory behind language influencing visual search for between-category colours is 
that the distractors and target are both represented by a lexical code (Roberson & Davidoff, 
2008). This relies on the idea that participants are covertly labelling the colour of the 
distractors as well as the target. Experiment 3.4 indirectly suggests this is not the case as no 
effect of verbal interference is found on the size of the category effect even when 
identification of the target category is occurring. If, in an experiment explicitly involving 
identifying the category, there are no decreased category effects under conditions of verbal 
interference, then it is not clear why there should be any effect of the named colour of 
distractors on target naming. In fact, Horowitz and Wolfe (1998) show that participants do 
not even remember what distractors were during most visual search, so this provides further 
evidence that they are not being represented in working memory. They demonstrated that by 
shuffling the distractors whilst participants are searching for the target, search efficiency is 
not impaired. This is evidence against theories of visual search which involve collecting 
information on the identity of objects during the search, something which the idea of 
labelling distractors would imply. Furthermore, if participants are not labelling distractors 
then there should be no categorical effect, even if the target is automatically labelled, as is the 
case in Experiment 3.4.
Additionally, several previous studies have shown a general effect of interference on visual 
search which is that it slows reaction times but does not interact with the efficiency. Logan 
(1978, 1979) showed no effect of verbal interference on visual search, other than just a 
general effect of increasing reaction times. Woodman Vogel and Luck (2001) showed no 
effect of interference on the efficiency of visual search by visual interference, with a similar 
finding of increased reaction times regardless of set size of visual search or memory items. 
These studies suggest that much visual search is largely free of effects from higher brain 
areas. Palmer, Ames and Lindsey (1993) find that attention does not affect early perceptual 
stages of visual search, which supports the idea that any overall effects of interference which 
are due to attention are affecting later response or decision stages of processing. Some 
researchers have demonstrated that there is no need for any lexical explanations for 
categorical effects in colour perception, when modelling the stimuli on properties of simple
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low-level visual channels (Brown & Lindsey, 2010). It seems more likely that when verbal 
interference does have an effect, it would not be interacting with the earlier perceptual 
processing, but rather a later response or decision stage, given no effect on efficiency.
However, it is not exactly clear why or how interference has affected the results of Gilbert et 
al. (2006) and those of Experiment 3.1. There is a discrepancy between the results of 
Experiment 3.1 and those of Experiments 3.2 and 3.3 as well as those of Witzel and 
Gegenfurtner (2011) and Lui et al. (2008), where no effect of verbal interference is found. 
Whilst a potential explanation involving the different attentional focus of the tasks is 
possible, there is nothing particularly salient that is different between the tasks which have 
found effects of verbal interference and those which have not. However, Cowan, Morey and 
Rouder (2011) have shown how the dual-task approach is susceptible to causing imbalances 
of attention allocated to each task. In their experiments they demonstrated that increasing the 
reward to one task decreased performance on a concurrent task. This general idea can be 
applied to studies suggesting that minor differences in the attention devoted to the tasks may 
cause large effects. For instance, although performing the same task, Witzel and 
Gegenfurtner (2011) reported much lower accuracy (67%-79%) for the verbal task than 
Gilbert et al. (2006; 89%), which could suggest that participants were devoting more 
attention to the visual search task in their experiment. Previous experiments have shown that 
adjusting the difficulty of an interference task can affect performance on the concurrent task 
in another modality (Morey & Cowan, 2004; 2005). This again suggests that the finding of 
effects of verbal interference could depend on the extent to which central executive attention 
resources are shared between the different tasks. It could be the rehearsal element of the 
verbal task which may potentially affect visual search times, as rehearsal has been shown to 
require attention (e.g. Chen & Cowan, 2009; Naveh-Benjamin & Jonides, 1984), or perhaps 
covert verbal retrieval (e.g. Ricker, Cowan & Morey, 2010).
One aspect of Gilbert et al.’s., (2006) outcome that is largely unexplainable is why does the 
category effect appears to completely reverse in the RVF. Two of the main problems with 
the findings of Gilbert et al. (2006) were that eye movements were not monitored and the 
colours were imbalanced (see Chapter 2 and Witzel & Gegenfurtner, 2011). In particular, 
within-category colour pairs included changes in luminance, which were not so present for 
the between-category pair. Calculating from the RGBs provided in the original article,
Witzel and Gegenfurtner (2011) find that the within-category pair of blue / blue included a 
change of luminance of 4.2 cd/m^ (13.9 -  9.7) which was only 0.5cd/m^ for the between-
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category pair^^. Gilbert et al. (2006) do not provide stimulus sizes, but with the amount of 
colour vision steadily declining outside the 10 degree parafoveal region (Fairchild, 1998; 
Hansen, Pracejus & Gegenfurtner, 2009) a greater size than this (such as the 12.5 degree 
circle size reported by Drivonikou et al., 2007) could cause serious confounds when 
luminance changes across conditions are involved. If hue information is reduced outside of 
the parafoveal region then the sensitivity to changes in luminance contrast would become 
more salient in comparison (e.g. Hecht, 1987; McKee & Nakayama, 1984). This would cause 
a confound if participants are not strictly centrally fixated. Whilst there is no clear rationale 
for why participants would adjust their fixation further left during the verbal interference 
trials, should this be occurring it would explain these findings In the experiments of this 
chapter the importance of maintaining central fixation was stressed thoroughly, and any 
effects of this may have been lost due to this fact.
With increasing support for the categorical nature of colours arising from computational 
rationale (e.g. Long, Yang & Purves, 2006; Philipona & O'Regan, 2006; Regier et al., 2007; 
Yendrikhovskij, 2001), biological properties (e.g. Lindsey et al., 2010), and its discovery in 
pre-linguistic infants (Bomstein, Kessen & Weiskpf, 1976; Clifford et al., 2008; Davies & 
Franklin, 2002; Franklin et al., 2005, 2008; Franklin & Davies, 2004), a verbally augmented 
account of categorical perception seems unnecessary. Therefore the small amount of evidence 
for the effect of verbal interference on anything other than memory-based tasks (such as 
same-different judgements) is strongly criticisable. To demonstrate that verbal codes are 
active during visual search, then aspects such as stimulus luminance, central fixation and the 
equivalence of the control task should be controlled for or monitored. In all cases where this 
increased control occurs, no effect of verbal interference is found. If lexical codes are 
reliably used during visual search then it is unclear why so many experiments have found no 
effect.
Lastly, these results question the claim made by some authors (e.g. Lupyan, 2009) that the 
dual-task approach with verbal interference is an appropriate tool for mimicking aphasia. 
Despite the simplicity of the dual-task approach, these results question using the 
verbal/spatial interference approach to infer language involvement. The tasks used in
15 The potential effect o f this distance is multiplied when taking into account its magnitude against the
luminance o f the background (20.6cd/m ).
One possible but again highly speculative reason is due to the ‘reflective lateral eye movement’ phenomena, 
which is that when participants are rehearsing or remembering information they often move their eyes laterally 
away from what they should be focusing on (De Gennaro & Violani, 1988; Glenburg, Schroeder & Robertson, 
1998).
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Experiment 3.1 were the same as Gilbert et al. (2006) and of a very similar nature to those of 
Roberson and Davidoff (2000). However, the assumption that the contrasting content of the 
memory tasks knocks out individual resources associated with that particular content only is 
called into question by the different patterns found for spatial and verbal interference on a 
task that doesn’t involve language. This suggests that each task may be having further un­
controlled effects via shared mechanisms (Morey & Cowan 2004; 2005; Vergauwe, 
Barroulliet & Camos, 2009). Because the verbal interference approach consists of time-based 
information, it can therefore rely on rehearsal, whereas the typical spatial memory task 
cannot be rehearsed in the same way (Morey & Mall, 2012). It has been shown that rehearsal 
requires attention (Chen & Cowan, 2009; Naveh-Benjamin & Jonides, 1984) and therefore, 
the modality general resources used for rehearsal may be causing the interference effects 
rather than the language resources on which the theory rests. This explanation is again an 
alternative to the interpretation of the findings of Lupyan (2009) who found that verbal 
interference knocked out categorization along perceptual dimensions but not based on 
thematic relations, with the former arguably requiring greater central executive resources.
In summary, this chapter finds no evidence to support the theory that visual search for 
categorically distinct targets is affected by verbal interference. Instead the effect found by 
Gilbert et al. (2006) seems to be more easily explained alongside evidence that verbal 
interference can have a domain general effect (affecting brain function more widely), which 
spatial interference may not have to such an extent. Future work would need to demonstrate 
strongly that it is specifically the verbal aspect of verbal interference which is having an 
effect (when it does have an effect). These experiments have also demonstrated that the 
spatial interference task is an inadequate control for such studies. In addition to the lack of 
evidence for a lateralised category effect presented in Chapter 2, these experiments further 
call into doubt the existence of Whorfian effects on visual search for colour categories.
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Chapter 4: Do cross-cultural language differences affect colour visual
perception?
4.1. General Introduction
Colour lexicons are known to differ considerably between languages, not just in the specific 
words used, but in the relation of areas of colour to the structure of basic colour terms (Berlin 
& Kay, 1969). Whilst there is agreement amongst many languages, especially those with a 
common linguistic root, the differences can be profound. For instance, English has eleven 
basic colour terms, whereas many African languages have only four to five (Davies & 
Corbett, 1997), and Dani, a language situated in the central highlands of western New 
Guinea, has only two terms (Rosch, 1972).
The difference in the number of basic colour terms between two languages could correspond 
to the number of colour categories in perception, as well as the location of boundaries 
between categories. These structural differences allow for potential inferences to be made on 
long standing questions about how language and colour perception may interact (Kay & 
Kempton, 1984; Roberson & Hanley, 2008). The current chapter aims to find out if  speaking 
a particular language natively can truly change the way in which colours are perceived as 
categories. This can be managed by comparing the colour perceptual properties of native 
speakers of languages which, although mostly similar, still have at least one systematic 
difference in their topology of basic linguistic colour categories. Clarifying any difference 
here would be able to shed light on whether the basic colour terms of a linguistic environment 
can shape early visual perception in a fundamental way or whether any effects rely on 
memory or interactions at a later response stage. Assuming lifelong visual diets are 
sufficiently similar (Long, Yang, & Purves, 2006, and see Laeng, Brennan, Elden, Paulsen, 
Banerjee, & Lipton, 2007, for evidence of why varying illuminant profiles may cause this to 
not be a tenable assumption for all cross-cultural studies), any cross-cultural differences in 
perception that directly accord with a different linguistic structure would be strong evidence 
for linguistically moderated categorical perception.
Despite the differences however, many European languages’ basic linguistic colour terms do 
correspond fairly well with each other (e.g. Berlin & Kay, 1969), which would make 
determining the causal direction of these phenomena a difficult task, if it were not for a few 
exceptions. Conveniently from the point of view of cross-cultural testing, some languages 
are entirely similar apart from a single boundary marking a distinction between two 
categories in one language which has a single category in the other, which allows a
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systematic comparison. For instance many languages (e.g. Greek, Russian, and Turkish) 
have a boundary in the blue region that English does not, distinguishing between light and 
dark blues. This chapter will focus on Greek, which has an extra basic colour term to 
English; Greek speakers slice the English blue category into 'yaXat i^o [yalazjo]’ (light blue) 
and '\LTik£ [blé]’ (dark blue) (Androulaki, Gômez-Pestana, Mitsakis, Lillo, Coventry & 
Davies, 2006)^^. This extra blue term is not unique to Greek since Russian speakers similarly 
distinguish between ‘goluboj’ (light blue) and ‘sinyj’ (dark blue), although the precise 
boundary is different to that found in Greek (e.g. Moss, Davies, Corbett & Laws, 1990; 
Paramei, 2005)^^. Further such examples of a single English basic category split into two 
exist in other languages, for instance in Korean where there are two green terms , ‘yeondu’ 
(yellow-green) and ‘chorok’ (green) (Kim, Pak & Lee, 2001; Pak, Kim, Kim & Lee, 2004).
For the linguistic relativity hypothesis to stand, categorical perception effects should only be 
found around the boundaries that are consistent with the language. This general approach has 
been applied with success to the Tarahumara (from Mexico), Berinmo (from Papua New 
Guinea), and Otjihimba (from Namibia) languages which do not have a blue-green boundary, 
and do not show blue-green categorical perception in the same way as English speakers (Kay 
& Kempton, 1984; Roberson et al., 2000; 2005). The tasks used (which will be discussed in 
detail further below) demonstrate a relative perceptual advantage for English speakers when 
distinguishing colours that cross the blue-green boundary, compared to speakers of the other 
languages that lack that boundary in their colour lexicon. Due to the unlikelihood of a 
fundamentally different perceptual apparatus between groups of participants, these findings 
would support a Whorfian account of categorical perception effects, in which perception has 
been altered by exposure to the specific linguistic environment. Following this Whorfian 
account, colour changes which cross the Greek blue boundary should reveal categorical 
perception effects for native Greek speakers, but not English (Hamard, 1987).
A key criticism of many of the existing cross-cultural literature supporting a Whorfian aspect 
to categorical perception revolves around establishing the true perceptual nature of the effects 
(Pilling et al., 2003). A traditional idea of early perception is that it is a low-level automatic
There is some discussion to be had on the level of basicness o f the light blue colour term ‘yalazjo’ 
(Athanasopoulos, 2009). Whilst ‘yalazjo’ is produced very frequently, a criterion for basic colours is that they 
should be monolexemic, meaning that they should not be subsumed in the definition o f another categoiy. 
Participants in Athanasopoulos (2009) pointed out that ‘blé’ is a translation of blue, and that ‘yalazjo’ is a type 
o f ‘blé’. Athanasopoulos (2009) also note this similarity in the semantic meaning and form o f ‘blé’ and ‘blue’.
It should be noted that these studies (Moss, Davies, Corbett & Laws, 1990; Paramei, 2005) did not measure 
the boundary in an experimental context and the results from these studies are used solely as a guideline.
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and passive process in which sensory data is automatically encoded into a useful 
psychological format, without modulation from higher level cognitive processes, such as task 
demands (e.g. see Sternberg, 1969; VanRullen & Thorpe, 2001). Despite this eonceptual 
distinction, isolating perceptual processes proves itself tricky due to the very fact that human 
behavioural data is rarely clean from moderation by higher non-perceptual functions, such as 
those needed to coordinate motor responses to a task. And so far, whether the eross-cultural 
Whorfian effects that have been reported in the past are truly perceptual is questionable.
Many tasks which may on first glance seem to rely solely on perception could be caused by 
a) memory effects: such as biases towards good categorical exemplars in memory or b) on­
line labelling effects: task dependent strategic labelling with verbally derived codes. It is 
important to mention here that a tight definition of what counts as ‘perceptual’ becomes 
unsettled when considering the interactions between different hierarchies of processing in the 
brain. In this discussion, the use of ‘early perception’ is to distinguish effects which would 
occur without concurrent activation of language areas (potentially providing top-down 
influence) and effects which are pre-attentive / unconscious. The interest of this distinction is 
that an early perceptual effect is more likely to be involuntary and reflecting a more 
fundamental perceptual change, that would indicate something about the general appearance 
of colours rather than in arguably artificial tasks where the specific comparisons of colours 
are augmented by verbal codes. Thus our discussion relies on the distinctions between three 
broad loci of potential mechanisms for linguistically moderated categorical effects: a) 
memory / higher level cognitive processes b) top-down labelling c) early perception.
These distinctions in mind, most demonstrated cross-cultural differences in colour perception 
have relied on memory such as successive X-AB tasks to find cross-cultural differences 
between English and other languages (Davidoff, et al., 1999; Roberson et al., 2000; Roberson 
et al., 2004; 2005). Typically in these tasks, participants are shown a colour chip or presented 
one on a screen, which they have been instructed to remember. Following an appropriate 
period of time, two test colours are presented, and the participant has to select the colour 
which they most likely thought they had just seen (or was most similar). These tasks do not 
definitively isolate early perceptual processes due to the necessity of storing the information 
in memory, in which is known to store information less strongly at earlier levels of 
processing (Craik & Lockheart, 1972). This can result in biases in memory to closely related 
stimuli such as prototypes (e.g. Fazendeiro, Winkielman, Luo & Lorah, 2005; Roediger & 
McDermott, 1995). Categorical perception-like effects may arise simply due to these memory
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biases interacting with the structure of the language. Additionally, early studies have 
previously demonstrated the effects on colour recall of memory. Brown and Lenneberg 
(1954) demonstrated that colours were easier to remember when they were easier to name, 
implying that better categorical exemplars are easier to remember. This same effect of ease 
of naming on memory was further demonstrated in later cross-cultural studies (Lantz & 
Stefflre, 1964; Stefflre, Castillo-Vales & Morley, 1966), which leads to the idea that the 
source of these cross-cultural differences in the structure of memory for colours could also be 
responsible for the categorical perception effects (e.g. Uchikawa & Shinoda, 1996).
Therefore this evidence, whilst providing credence to a Whorfian account of colour memory, 
cannot be said to bear light on the active perception of colours, when not filtered by memory.
A similar criticism can be levelled at studies in which on-line effects of labelling could be 
occurring. Roberson and Davidoff (2000) indeed suggest that words affect performance on 
many colour tasks specifically due to the on-line effects of top-down labelling on perception. 
Instead of a language fundamentally changing early perceptual processes, presumably 
affeeting colour perception in across scenarios, it could just be that the brain uses labelling 
information only when useful such as when performing colour based tasks. In this case it 
could be that perceiving a green target against blue distractors would activate verbal codes for 
green and blue with the distinction in this additional area of representation providing a greater 
informational distance and affecting a decision at a later response stage. This is essentially a 
more superficial perceptual effect as it would rely on the brain (assuming that the verbal 
working memory resources are free ) actively identifying ‘colour category’ as a useful 
functional distinction to code the stimuli by, and thus providing this functionality from the 
language areas rather than from warped early perceptual representations. This would imply 
that in a hypothetical everyday scenario in which the brain is not tasked with labelling objects 
by their colour (consciously or unconsciously), no perceptual effects would be detectable.
A key factor in tasks which clearly allow online verbal labelling strategies to take part is in 
the time taken to respond. In one of the most cited examples of eross-linguistic differences in 
categorical perception, Winawer et al. (2007) demonstrated that the linguistic structural 
difference between English and Russian blues was reflected in a simultaneous matching-to- 
sample task with English and Russian natives. In this task a target is displayed, alongside 
two alternative choices, one of which is the same, and one a slightly different colour.
Russian speakers were more sensitive to colour differences across their light blue/dark blue 
colour boundary compared to the same stimuli in English. However, the slow reaction times
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found (>800ms for English, > 1000ms for Russian) mean that response strategy based 
explanations cannot be ruled out. For example, with an extended time period to process the 
stimuli, verbal codes eould be activated providing the advantage for the Russian speakers.
Many recent studies have instead used a visual search task in which participants have to 
detect a target which is presented amongst multiple distractors (e.g. Drivonikou et al., 2007; 
Gilbert et al., 2006; Roberson et al., 2008). Although there are no clear criteria for excluding 
the potential explanation of a tactical on-line verbal strategy, visual search for colour is 
commonly thought to rely to a large extent on parallel processing in pre-attentive colour areas 
(Carter, 1982; Wolfe, 1998). In visual search studies of categorical perception, the reduction 
of labelling strategies (and eye-movement confounds) has also been augmented by displaying 
the search array for a short period of time, usually 250ms or under, and speeded responding. 
But despite the usefulness of this task, there have been no published cross-cultural studies in 
which criticisms to do with memory or the effects of on-line labelling have not been 
applicable. In the only published cross-cultural study to use visual search, Roberson et al. 
(2008) found categorical perception for Koreans with a yellow-green boundary particular to 
that language. In this study, participants performed visual search with two conditions, one in 
which the targets and distractors were both of the same category in the Korean language and 
one in which they differed. For English participants, reactions times were similar to each 
condition, but Koreans showed a category effect: for Koreans, the between-category visual 
search was faster, and especially faster in the right visual field. However the visual search 
display was presented until a response could be made allowing for stratégie responding may 
be likely as the overall average reaction times were around 1 second. In contrast the reaction 
times for Gilbert et al. (2006) were around 450ms. Responding at a delay almost twice that 
which is possible to achieve a good rate of aceuracy suggests that the extra eonscious effort 
associated with labelling could be at play.
So far, the strongest evidence for truly early perceptual difference across-cultures comes from 
a single neurophysiological study. In this event-related potential (ERP) study, Thierry, 
Athanasopoulos, Wiggett, Dering and Kuipers, (2009; see also: Athanasopoulos, Wiggett, 
Dering, Kuipers, & Thierry, 2009; Athanasopoulos, Dering, Wiggett, Kuipers, & Thierry, 
2010) claimed to have demonstrated a cross-cultural difference in an ERP eomponent, the 
visual mismatch negativity (vMMN), which appeared to be stronger towards between- 
category blues for Greeks but not for English. The vMMN is thought to be a ‘preattentive’ 
ERP component, which suggests that it is operative independently of language areas and is
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elicited in response to unconscious change detection (Czigler, Balazs & Pato, 2004; Czigler, 
2007). The existence of cross-linguistic differences in the vMMN would strongly suggest 
that linguistic environment affects pre-attentive perception. However this study too has 
limitations: the vMMN overlaps extensively with attentive components sueh as the N2b 
which is known to correspond with semantic differences (Folstein & Van Petten, 2008). The 
results of Thierry et al. (2009) reveal that English participants’ waveforms likely contained a 
significant P3 component, which is the hallmark of an attended visual change. This suggests 
that for the English group, the negative component was not in fact a vMMN but an N2b, a 
component that has no specific relation to early pereeptual areas (Clifford et al., 2010, Pazo- 
Alvarez, Cadaveira & Amendo, 2003). At a general level, a serious confound arises in 
comparing the deviance related negativity of two groups, if they did not attend to the task in a 
similar way and produce comparable waveforms (this is discussed further in the introduction 
to Experiment 4.3).
Despite the difficulties in isolating a definitively early perceptual cross-cultural difference in 
categorical perception, it is not inconceivable that automatic and early perceptual processes 
could potentially be altered. On one hand, it may be argued that there is no need for higher 
order areas of representation to alter lower levels. On the other hand, efficiency may be 
gained if lower level areas are adapted to feed more usefully into higher level areas (Schyns, 
Goldstone & Thibaut, 1998). There have been studies highlighting plausible mechanisms by 
which perceptual distances can indeed be altered in this way: one of the ways in which 
words could warp perceptual colour space is by increasing cross category distinctiveness 
(Ozgen & Davies 2002). Ozgen & Davies (2002) demonstrated the flexibility of colour 
perception, by showing that existing boundaries could be both strengthened with practice, and 
new boundaries could be created with learning. This effect whereby a new category 
boundary is induced by learning tasks has been shown to produce differences in the 
neurophysiological response to colour changes (Clifford et al., 2012). Complementary to 
increasing colour distinctiveness across a boundary, Goldstone, Lippa and Shiffrin (2001) 
showed that training with categories can increase within-category equivalence; perception of 
shapes became more similar when they were in the same category. It is plausible that long 
term association of colour terms with objects could have a similar effect on perception. 
Evidence for this comes from a study with bilinguals in which a colour boundary shifted with 
growing experience with their second language (Athanasopoulos, 2009). Whilst problems
98
remain with interpreting these effects as truly low-level perceptual the possibility remains 
that learning could be responsible for a fundamental and important shift in behavioural 
sensitivity which is broad enough to be classed as equivalent.
The experiments in this chapter have been designed around the need to acquire cross-cultural 
data which relates as closely to early perception as possible, and bypasses the highlighted 
confounds of memory and online processing. This will be carried out by a search for cross- 
linguistic differences in the perceptual processing of blues for Greek and English speakers, 
which will be investigated using both the behavioural visual search paradigm of Gilbert et al. 
(2006) which involves the rapid detection of a target amongst distracters, and using Clifford 
et al.’s (2010) ERP task, which has been demonstrated to reliably elicit a vMMN without P3 
to colour category boundaries. The first experiment will determine the location of the 
blé/yalâzjo boundary for Greek speakers with a specific background luminance and 
equipment set up. The second experiment tests visual search speeds for both English and 
Greek speakers with conditions that involve both within- and between-category search for the 
blé/yalâzjo boundary. The third experiment is an ERP study with the same conditions, in 
order to illuminate any cross-cultural differences in the vMMN, a marker of pre-attentive 
visual change. The fourth experiment is another visual search task with easier to detect 
colours that are more reliably named. The final fifth experiment is a behavioural oddball task 
designed to illicit strong category effects.
Summary o f  main research questions
1. Do Greek speakers show behavioural effects of categorical perception in the 
blé/yalâzjo boundary, which English speakers do not?
2. Are these effects perceptual, rather than an effect of online labelling?
3. Are there early perceptual neurophysiologieal differences between Greek and English 
native speakers with regards to this boundary?
For example, Xiao, Zhang, Wang, Klein, Levi and Yu, 2008, demonstrated that perceptual learning that was 
associated with low-level representation was in fact governed by higher order processes. The original finding 
was that increased sensitivity to specific orientations could be trained to specific retinal locations and did not 
generalise, and that this was evidence that low-level representations were altered. By training two locations 
simultaneously, it was found that this did then generalise, which could not be explained by retinal specificity 
and could therefore not be because o f low-level representations.
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4.2. Experiment 4.1: Establishing the blé/yalâzjo category boundary
4.2.LlJntroduction
In order to study the effects of the Greek colour boundary in a controlled way, a preliminary 
naming study was conducted to establish the linguistic blé/yalâzjo boundary on a range of 
colours over a single background luminance. This is to provide internal validity for the 
colour stimuli to be used in the subsequent visual search and ERP experiments. Compared 
with other boundaries such as the blue/green boundary, the blé/yalâzjo boundary exists 
primarily in the lightness dimension (Androulaki et al., 2006; Athanasopoulos, 2009). This 
makes determining a precise boundary within a specific experimental setup important due to 
the well reported effects of background illuminant cues on the perceived luminance of a 
colour (Yang & Purves, 2004), combined with the unknown assumed illuminant when 
perceiving colour on CRT monitors with different backgrounds, which is required for 
calculations in colour spaces (see chapter 1). Maintaining a single background colour 
throughout all further experiments in this chapter allows all such questions to be bypassed 
giving the experiments internal validity. Androulaki et al. (2006) found that the blé and 
yalâzjo colour regions have a fuzzy boundary around L* = 50 and L* = 60. As L*=55 was the 
best current guess of the boundary, this was chosen to be the background luminance for the 
subsequent naming task and all further tasks in this chapter.
4.2.2. Method
Participants
Fifteen Greek native speakers studying at the University of Surrey volunteered their 
participation without remuneration. They had normal or corrected-to-normal vision, and 
normal colour vision as assessed by the City University Colour Vision Test (Fletcher, 1980).
Stimuli and Setup
Androulaki et al. (2006) found in a study with NCS colour chips, Munsell colour chips and 
Munsell colours emulated on a CRT monitor that the blé and yalazjo colour regions have a 
fuzzy boundary around L* = 50 and L* = 60. Here, colours were chosen by varying lightness 
by 2.5 L*, through a fixed point in the U*V* plane^° (U* = -21, V* = -37), beginning and
A series of preliminary naming studies on groups o f 5 participants established a linguistic blélyalàzjo 
boundary on a range o f hues based around ‘best exemplars’ from Androulaki et al.(2006). The point in the
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ending according to monitor gamut. A total of 22 colours were converted to xy Y coordinates 
(with an illuminant C whitepoint of 80.11 cd/m^ luminance, which was the luminance of the 
calibrated monitor’s brightest value), measured with a Cambridge Research Systems 
(Rochester, U.K.) Colour Cal colorimeter and were displayed on a calibrated Sony Trinitron 
CRT monitor (model GDM-F520). The experiment took part in a darkened laboratory, with 
the only light being that emitted by the monitor. The apparatus and experimental setup was 
identical for all subsequent target detection experiments. The stimuli were square (50 mm^) 
and were presented to the centre of the monitor on a grey background (Illuminant C at 19.47 
cd/m^). Participants’ eye-level and a viewing distance of 70cm was maintained using a chin 
rest.
Procedure
Each stimulus was presented until a response was made. Participants had to respond to each 
stimulus as blé or yalazjo by typing on a keyboard the initials ‘g’ for yalazjo, or ‘b’ for blé. 
There were six repetitions of each stimulus and the 132 trials were in random order.
U*V* plane chosen was the one that contained the least ‘neither’ responses (U* = -21, V* = -37), and was 
evenly spaced between the U*V* coordinates o f the best exemplars o f blé and yalazjo.
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4.2.3. Results and Discussion
Figure 4.1 gives the proportion of blé/yalâzjo naming for each stimulus. The point at 0.5 
indicates the point at which participants were equally likely to name a stimulus blé or yalâzjo 
and therefore indicates the category boundary.
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Figure 4.1: The proportion of blé/yalâzjo responses to stimuli varying in L* (U* = -21, V* = 
-37). A predominantly blé (the darker blue) response tends the average to 0, whilst yalâzjo 
tends to 1.
It can be seen that the switch from predominantly blé responses to predominantly yalâzjo 
responses (> 85%) occurs somewhere between 52.5 L* and 65 L*. For the purposes of the 
target detection tasks, it was taken that for the given background chromaticity and lightness, 
the blé/yalâzjo boundary appears to be just below L* = 60. This agrees with both Androulaki 
et al,. (2006) and Thierry et al. (2009). Whilst the boundary is greater than the luminance of 
the background, all experiments will compare responses between English and Greek 
responses, thus potential confounds of effects invoking the relation of stimuli luminance to 
background luminance are controlled for. This experiment has established where the 
boundary is for the following four experiments.
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4.3. Experiment 4.2: A comparison of categorical perception of blé/yalâzjo boundary
for Greek and English speakers
4.3.1. Introduction
Two major criticisms have been levelled at experiments reported by Roberson et al. (2000, 
2005) which reported to demonstrate cross-cultural differences in categorical perception; 
firstly that the tasks necessarily relied on memory (e.g. Munnich & Landau, 2003), and 
secondly that the Berinmo participants lacked similar education and exposure to man-made 
colours (Henselmans, 2002). In contrast, Roberson, Pak and Hanley (2008; see also 
Roberson, Hanley, & Pak, 2009; Roberson & Pak, 2009) demonstrated a cross-cultural 
difference with visual search. They demonstrated an advantage to Korean speakers for 
colours which were spaced across a basic colour boundary not present for English speakers, 
with an approach that was similar to Gilbert et al. (2006). In this task colours are presented 
simultaneously, with a target appearing simultaneously with distractors, and therefore not 
absolutely requiring any storage of perceptual information in memory.
The following experiments attempts to replicate this finding with another cross-linguistic 
basic colour difference, the Greek blue boundary. This experiment aims to be a direct 
replication of the methods of Gilbert et al. (2006), except with colours derived from the 
above naming task (Experiment 4.1). Just like Roberson et al. (2008) this task does not rely 
on memory since it relies on the speed to which a participant can identify a differently 
coloured target amongst a series of concurrently displayed distractors, and the target location 
changes on each trial so is unknown. Additionally, the two groups of participants, recruited 
from the University campus, are at the same level of education, and have had similar 
exposure to man-made colours.
Whilst the experiments of Chapter 2 bring the interpretation of lateralised effects in these 
particular visual search tasks into question, Roberson et al. (2008) found their categorical 
perception difference to be greater in the RVF/LH of their Korean participants. They discuss 
the importance of quick reaction times in these experiments, as they note that the categorical 
perception effect is of greater magnitude for slower responding, reflecting perhaps a greater 
integration of higher-level brain areas. This was originally discussed in relation to the 
presence of a RVF/LH category effect appearing for only those responding below 1000ms, 
which was present in both visual fields in the slower responders. In addition to this extra 
time allowing a greater chance for information to transfer across hemispheres, the extra time
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could also allow a number of other potential confounds reflecting different strategic 
approaches to the task such as consciously driven on-line labelling effects.
In Roberson et al.’s (2008) study the participants were presumably given the same 
instructions despite the experiments taking place in different countries and in different 
languages. Despite this the two groups had quite different reaction times, with the possibility 
that this could be due to some differences in the way the instructions were given or 
highlighted. Here, we report that exactly the same instructions are presented to participants 
in the same way, in order to further ensure that overall times are similar. This should mean 
that the visual information should reach a similar level of processing, given no unexplainable 
speed differences between nationalities. An additional advantage of the following 
experiment is that the two groups of participants will be tested in exactly the same 
environment as each other. This added level of control precludes any confounds due to 
systematic asymmetries in the testing environment, which can subtly bias results (Danilova & 
Mollen, 2009).
The colours were chosen for this experiment in order to be tested later in an ERP design 
requiring the perceptual distances be as near as possible. The constraint was that each colour 
had to be named at least 65% as its designated colour term in the design. This produces 
distances as represented in CIELUV space which were greater than in previous studies (e.g. 
Drivonikou et al., 2008, used AE=18). However the magnitude of this difference in the 
calculation of AE hides the fact that differences in the L* (lightness) dimension of CIELUV 
are perceptually greater than differences in V* and U* (the hue/saturation plane). This means 
that whilst the overall delta E may be larger in this design, the actual quantified difference in 
the perceptual distances between the studies is unknown. Without recreating a more balanced 
metric, the rough equality of perceptual distance between this and the previous tasks was 
confirmed informally by 3 independent observers.
4.3.2. Method
Participants
There were 27 participants, 21 of whom were female. Twelve were native Greek speakers 
(Mean age = 19.7, SD =1.88) and fifteen were native English (Mean age = 19.6, SD = 0.94). 
An additional five participants were excluded for excessively low accuracy (<60% targets
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reported correctly). All were right handed as assessed with the Edinburgh Handedness 
Inventory (Oldfield, 1971), and had normal or corrected-to-nonnal vision. Participants were 
screened for colour vision deficiency using the City University Colour Vision Test (Fletcher,
1980). Participants either received psychology course credit or money for taking part.
Stimuli and Design
Stimuli were circular patches of computer-generated colour. Colours were taken from the 
above naming task with a separation size of 7.5 L* units between adjacent stimuli (See Figure 
4.2 and Table 4.1). The two between-category colours were both named -60% their 
respective term in Experiment 4.1, which made them roughly equidistant from the 
hypothetical boundary at just below L* = 60. All stimuli in further cross-cultural experiments 
used stimuli derived from this naming task. To maintain internal validity with this naming 
task, the same equipment and same background gray was used in all further studies. This 
gave a ‘between-category’ and ‘within-category’ stimulus pair, with an equal number of L* 
units between stimuli for each. The colours were rendered on a calibrated monitor, and 
verified with a colorimeter (Cambridge Research Systems ColorCal, Rochester, U.K.).
WITHiN-BLE BETWEEN-CATEGORY WiTHIN-GALAZHIO
— I I   ..............
47.5 55
<----------------------- BLE
62.5 70
GALAZHIO ----------
Figure 4.2: L* of colours used for Experiment 4.2. x y Y coordinates were calculated directly 
from LUV under illuminant C with the white point at = 80.11. The colours give a between- 
category pair of Blé and Falazjo, a within category pair of 2 Blés and a within category pair 
of 2 ralazjos, see table 4.1.
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Table 4.1: Colours used for Experiment 4.2. x y Y coordinates were calculated directly from 
LUV under illuminant C with the white point at = 80.11. The colours give a between- 
category pair of Blé and Falazjo (Blé 2 and Falazjol), a within category pair of 2 Blés and a 
within category pair of 2 F alazjos, see figure 4.1. Background was a grey at Illuminant C (x 
= 0.310, y = 0.316 Y = 19.47).
L U V X y Y
B ie l 47.5 -21 -37 0.2281 0.2436 13.14
Blé 2 55 -21 -37 0.2381 0.2525 18.37
Falazjol 62.5 -21 -37 0.2460 0.2594 24.38
Falazjo2 70 -21 -37 0.2523 0.2650 32.64
Background 0.3100 0.3160 19.47
The search array was constructed by having 12 coloured discs of 45mm (=3.5°) diameter 
equally spaced around a larger notional circle, 155mm (=12.5°) in diameter, with six 
locations on each side). The coloured stimuli appeared in these locations on a grey 
background. On each trial, one of the stimuli (the target) was different to the stimulus at all 
other locations (the distractor). Targets did not appear at the two locations at the top and 
bottom due to proximity to the vertical midline. Each stimulus in the between- and within- 
category stimulus pairs appeared as the target, with the other stimulus in the pair appearing as 
the distractor. Which colour appeared as target and position (left / right) was randomised 
throughout with a balanced amount for each condition. A total of 196 trials were shown.
Procedure
At the start of each trial, a central fixation cross was presented on a grey background, and 
participants were instructed to fixate the central fixation cross. The search array was shown 
for 200 ms and was followed by the grey background which remained until a response was 
made. Participants were asked to indicate the left/right position of the ‘odd-one out’ using 
two horizontally aligned buttons on a serial port button box, with the left index finger on the 
left button for left targets and the right index finger on the right button for right targets (as in
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Gilbert et al., 2005). Reaction time and accuracy was recorded. After response, a central 
fixation cross remained for 1000ms until the next search array was shown.
4.33. Results
For each participant, the first 10 trials were excluded as practice trials, and trials with reaction 
times under 100ms and over 2.5s were excluded. Individual trials with reaction times over or 
under 1.96 standard deviations away from the condition mean for the participant were also 
excluded as outliers. Following this, the median reaction time for correct responses, and 
accuracy were calculated for each condition and participant.
Figure 4.3 gives the mean accuracy and reaction times for participants across all conditions.
It does not appear that for reaction time, there is a greater category effect for Greek 
participants than that found with English participants. Similarly no greater category effect 
was found in the RVF/LH than in the LVF/RH, in either Greek or English participants. This 
was supported by a 3-way mixed-design ANOVA applied to the reaction time scores, with 
nationality (Greek / English), category (Between / Within) and visual field  (LVF / RVF) as 
repeated measures variables. For reaction time, the crucial interaction of category by 
nationality was not significant, F(l,50) = .58,/>=.45, as was the three interaction between 
category nationality and visual field, F(l,50) = 0.008, = .93. These both suggest that there 
was no difference in the responses to the category condition between nationalities. However, 
the main effect of visual field  was significant, F{\,25) = 9.16, < .01 reflecting faster 
reaction times for the LVF (473ms) than the RVF (515ms). The nationality x visual field  
interaction was also significant, F (l, 50) = 5.76,p  <.05. Post-hoc t-tests revealed a 
significant visual field  effect for Greek, t{\ 1) = 3.02, p  < .05, with the LVF (473ms) faster 
than the RVF (515ms) which was not significant for English, ^(14) = 0.584,/> = .568 (LVF: 
515ms; RVF: 520ms). This suggests that Greek participants were faster in the LVF 
compared to the RVF, but that English participants were around the same for both VFs. For 
accuracy both crucial interactions were also not significant {Category x nationality: F{\,25) = 
.006,/7=.94; Category x visual field  x nationality: F(l,50) = 2.236, p  = .15^^). All other 
effects and interactions not mentioned were not significant, including all of those for
Whilst not significant, this fairly high F-value seems to reflect the strange pattern of accuracy found between 
English and Greek participants which can be seen in figure 4.3. No t-tests performed on any o f these differences 
were significant.
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accuracy (for reaction times, greatest F  = 1.87, smallest p  = .08, for accuracy, greatest F 
2.54, smallest p = .12).
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Figure 4.3: Reaction times and Accuracy for English and Greek speakers to detecting targets 
from distracters within and across the Greek blue category boundary (hue seperation size: 7.5 
L*) in experiment 4.2. Error bars represent standard error of the mean.
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4.3.4. Discussion
No effect of nationality was found on the size of the category effect, in fact no category effect 
was found overall. Although the reaction times were in the right order, the size of the effect 
needds to be put into perspective: the slighly greater (10ms) advantage Greek speakers had 
to English participants with regards to the between category stimuli, would not reach 
statistical signifance with even triple the number of participants. The results also fail to 
supporting any pattern of results expected in light of Roberson et al. (2008) which would 
predict an increased RVF/LH category effect for Greeks. Thus the results fail to show any 
evidence that Greek and English participants are responding differently to the stimuli in terms 
of their categorical status. There was however a main effect of visual field and interaction 
between visual field and nationality for reaction time scores, which appears to reflect a strong 
overall bias to the LVF for both groups of participants, which in turn is stronger for Greeks. 
There is no straightforward explanation for the increased reaction times to targets in the LVF 
for Greeks, other than speculating along the lines that if Greeks were using the LH language 
areas in the task, then perhaps this would introduce a bias towards the perceptual processing 
in the contralateral space (e.g. Cohen, 1982, Danilova & Mollon 2009). The lack of category 
effect for English participants is as predicted due to the equal perceptual spacing of the 
stimuli, but a similar lack for the Greek participants goes against the findings of Roberson et 
al. (2008) and Winawer et al.(2007). When comparing these results to the other studies it is 
worth nothing the quick reaction times (<550ms) which are roughly equal between Greek and 
English participants, and comaprable to the reaction times found in Gilbert et al. (2006) 
(<450ms) and Drivonikou et al, (2007) (<55Oms). However accuracy (=73%) was 
considerably lower than both of these studies, (92% for Gilbert; 96% for Drivonikou; 95% 
for Roberson et al.), suggesting the task overall was harder. Despite extra difficulty in the 
task, with the colours in the experiment reliably named as blé/yalâzjo, it is not clear why an 
effect would be found for a Korean basic colour boundary but not Greek. It remains to be 
seen whether any neurophysiological evidence of the Greek colour boundary could be found, 
as in Lui et al. (2009) who failed to find any effect in a behavioural study on the blue/green 
boundary but did find a neurophysioligcal response. Additionally a similar experiment with 
further spaced colours may be more suitable to detect a behavioural effect.
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4.4. Experiment 4.3: The time course of unattended chromatic change detection to the
blé/yalâzjo colour boundary: An ERP Study.
4,4.1. Introduction
A cross-cultural difference in responses to colour stimuli which correspond to a linguistic 
category difference could suggest that feedback from language areas was involved in altering 
perception. However, despite neurophysiological evidence that Greeks do perceive this 
boundary categorically (Thierry et al. 2010), no evidence for CP for Greeks was found with 
the behavioural task in Experiment 4.4. The question remains whether there are 
neurophysiological markers for when a colour changes across a linguistic boundary. Despite 
not finding evidence for a behavioural effect, neurophysiological studies can be run in 
conjunction with behavioural studies in order to pick up effects which may be too subtle 
(Luck, 2005).
Thierry et al. (2009) claim to find a vMMN for colour changes across the blé/yalâzjo colour 
boundary for Greeks which is not present for English. This component is thought to be 
related to pre-attentive visual change, and a cross-cultural difference in the amplitude of this 
component would suggest that there is a fundamental difference in the way participants’ 
perception is responding to the colours. The vMMN is found in an oddball paradigm where 
by participants are presented a standard stimulus repeatedly, with occasional ‘oddballs’ 
stimuli appearing randomly in the stream. Typically the size of the vMMN is related to the 
change in perceptual appearance of the oddball in relation to the standard stimulus. The 
component appears as more negative voltage in posterior electrode sites at a time frame of 
100-250ms after the onset of the oddball stimulus; a deviance related negativity (DRN). 
Crucially for the component to be called a vMMN the stream of standard and oddball stimuli 
need to be unattended, which is achieved by having participants attend to another task. Thus 
the vMMN can be seen as a marker of pre-attentive perceptual changes (the precise 
conditions for detecting a vMMN are further detailed below). Thierry et al. (2009) find 
cross-cultural differences in this component in relation to similarly spaced set of greens, 
which was responded similarly for both nationalities. However, this study has a key problem 
in the evidence, which suggests that the two groups may have been approaching the task 
differently (Clifford et al., 2010). Critically, the waveforms for English and Greek 
participants differ in that there appear to be a strong P3 component for English which is not 
present for Greek participants. In addition, this P3 component appears stronger for the blues 
than the greens. This could have affected the results in numerous ways, for instance if the
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emerging P3 component began to raise the voltage near the critical time mark, then a natural 
lower deviance related negativity to the blue stimuli would be obscured. Also it could mean 
that the deviance related negativity was an attentional component called the N2b, which 
although sensitive to mismatch negativity, is different in nature to the vMMN (Folstein & 
Van Petten, 2008). In fact, it appears that the response to blue deviant stimuli departs from 
the green deviant stimuli even before the 100ms (PI component) time frame for English, 
compared to much later for the Greeks. Both these findings suggest that the English were 
attending to the task in a way that was different to the Greeks, with both P3 and PI effects 
implicating the potential for effects of top-down switching of attention (e.g. Mangun & 
Hillyard, 1991; Polich, 2007). The different waveforms between the two groups make 
confident and reliable comparisons difficult due to the added uncertainty of when other 
theoretically superfluous components begin and end. The task itself depends on the 
assumption that by getting participants to attend to the shape dimension of the stimuli, that 
co-occurring changes in colour are not attended. With the fact that oddball effects still occur 
passively without a concurrent task (e.g. Low, Leaver, Kramer, Fabiani & Gratton, 2006), 
and the fact that shape and colour as perceptual dimensions are not always separable (e.g. 
Bonnel & Prinzmental, 1998; Morkdoff & Yantis, 1993), this assumption is certainly not 
strongly tenable. With the likelihood of attention being directed to the colour changes, 
alongside apparent differences in components related to attention between the two groups, the 
conclusions of the study are risky. The effect must be shown whilst controlling for these 
potential confounds.
Asides from Thierry et al. (2009), there have several (non cross-cultural) studies 
demonstrating evidence that colour categories are represented at early perceptual levels 
(Holmes et al., 2009; Liu et al., 2009; Mo et al., 2010) and in early regions of the visual 
system hierarchy (Fontenau & Davidoff, 2007; Siok et al., 2009). However each of these 
studies has its criticisms. Siok et al. (2009) found BOLD related effects related to the 
categorical nature of the colours presented under fMRJ in V2 and V3, early regions of the 
visual cortex. Holmes et al. (2009) found early PI and N1 latencies for colours which 
crossed a category boundary in an oddball task. Liu et al. (2009) found an N2pc effect for 
visual search displays (a la Gilbert et al., 2006) containing colours which crossed the 
blue/green boundary. However for all three of these studies, participants were all required to 
make explicit judgements based on the colour, such as responding to a target they had 
consciously perceived which means that top-down effects from non-perceptual areas could be
I l l
implicated. Mo et al. (2010) found evidence for an increased vMMN to targets displayed to 
the RVF/LH. However categorical effects which could have been primed by a naming task 
administered a week earlier, were only found in one hemisphere. Given the possibility that 
there is a bias of attention to the LH as found in chapter 2, this could be reflecting this rather 
than an overall category effect. Additionally, the use of a distractor task leaves unanswered 
questions about the effect it could have had on the latéralisation finding, as it is not clear how 
the distractor task would affect the resources differently in each hemisphere. Lastly,
Fontenau and Davidoff (2007) found colour category effects with a task that did not explicitly 
required participants to attend to the colour dimension. In their task, participants had to 
respond to cartoon characters embedded in a stream of colours which contained the 
experimental design, and reported that participants did not report that they thought the study 
was about colours. However with no distractor task, participants may have still have had 
resources free to use on-line verbal coding when exposed to the colours, with many of the 
colour changes being particularly large and therefore most likely noticeable. Clifford et al. 
(2010) provide the most convincing evidence for early perceptual colour categories with a 
clear deviance related negativity to between-category colours in the lower visual field 
(LwVF), and concurrent lack of DRN for changes in the same category. This finding was 
alongside a convincing lack of neurophysiological evidence for interfering attentional effects 
suggesting it was a true vMMN. The presence of this component in the lower visual field but 
not the upper, is evidence that it originates from earlier retinotopically organised visual areas 
(Czigler et al., 2004)
In the following experiment we employ the method of Clifford et al. (2010) to see if  a cross- 
cultural difference can be found at the same neurophysiological level in which their vMMN 
was discovered. A specific requirement of this task is that the colour changes be small 
enough that they do not grab attention, meaning that visual changes occur without covert 
shifts of attention (and concurrent markers of such e.g. the P3 component). So Greek and 
English participants take part in the distracted oddball task as used in Clifford et al. (2011), 
with a set of stimuli that are small enough to not consistently flash and grab attention. As 
mentioned before, this task is used to elicit a vMMN, which is a deviance related negativity; a 
marker of pre-attentive visual change that is elicited 100-250ms after stimulus onset. Clifford 
et al. (2010) identify five criteria for distinguishing a vMMN from an N2b: i) there should be 
no presence of a P3a component, indicative of top-down switching of attention, ii) the 
vMMN should occur maximally at locations posterior to the fronto-central locus of the N2b,
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iii) the vMMN is likely to begin earlier (~ 100ms) than the N2b (-200ms), iv) the vMMN 
likely will have right hemisphere dominance, v) the vMMN should be far greater for stimuli 
appearing in the lower visual field (LwVF). By approaching the data with these criteria, it 
will be possible to ascertain the likelihood of any categorical deviance related negativity 
arising from this pre-attentive component, and not from another component which may not 
strictly be perceptual in origin. In this task, participants of both nationalities will be 
performing a distractor task whilst a stream of ‘blé’ colour patches will be displayed 
randomly in the upper and lower visual fields. In this stream will be darker patches of blé 
(within-category oddballs) and lighter patches which are labelled yalazjo (between-category 
oddballs). Greater DRN to between-category oddballs for the Greek speakers would suggest 
that the cross-cultural difference in perception found in Thierry et al. (2010) is replicable and 
not a spurious effect of different attending to the task.
4.4.2. Method
Participants
Thirty-nine participants (21 = female) with a mean age of 21.6 (SD = 3.4) took part in the 
experiment. Eighteen participants were native English speakers, with the rest native Greek 
speakers (but bilingual), all recruited from around the University of Surrey campus. All were 
right handed as assessed with the Edinburgh Handedness Inventory (Oldfield, 1971), and had 
normal or corrected-to-normal vision. Participants were screened for colour vision deficiency 
using the City University Colour Vision Test (Fletcher, 1980). Participants either received 
psychology course credit or money for taking part.
Stimuli and design
The stimuli used were rectangles of three computer-generated colours identical to those from 
Experiment 4.1 (See figure 4.4 and table 4.2). The colours varied along the L* dimension in 
LUV space to give a between-category pair crossing the boundary between blé and Falazjo, 
and a within category pair of two Blé s. These between- and within-category pairs were 
equally spaced in CIELUV space, at 7.5 L* units apart.
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Figure 4.4: Diagram displaying the spacing of L* of colours used for Experiment 4.3. x y Y 
coordinates were calculated directly from LUV under illuminant C. The white point of the 
monitor was 80.11 cd/m^. The colours give a between-category pair of Blé and Falazjo, a 
within-category pair of two Blé s (see table 4.2).
Table 4.2: Colours used for Experiment 4.3. x y Y coordinates were calculated directly from 
LUV under illuminant C with the white point at = 80.11. The standard stimulus was a colour 
named ‘blé’ (Blé 2) and the two oddballs are arranged to give a between-category visual 
change to Falazjo (Falazjo 1), and a within category change to a darker blé (Blé 1). 
Background was a grey at Illuminant C (Illuminant C: x = 0.310, y = 0.316, Y = 19.47).
L U V X y Y
Within-Oddball (Blé 1) 47.5 -21 -37 0.2281 0.2436 13.14
Standard (Blé 2) 55 -21 -37 0.2381 0.2525 18.37
Between-Oddball
(Falazjo 1)
62.5 -21 -37 0.2460 0.2594 24.38
Background 0.3100 0.3160 19.47
A stimulus display consisted of the configuration as per figure 4.5, which either appeared 
above or below a central fixation cross. This entire display extended 7.3° from the centre of 
the screen. The rectangle closest to the fixation cross was always the standard colour (L* = 
55). The square appearing either above or below the fixation cross corresponded to the 
oddball portion of the task. This square was either the standard colour (L* = 55; 80% of 
trials), a within-category deviant (L* = 47.5; 10% of trials) or a between-category deviant (L* 
= 62.5; 10% of trials). In addition to the position and colour of the patches varying, a
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secondary distractor task occurred, during which 90% of the trials the fixation was a cross, 
but on 10% the cross became a circle.
5  c m
Sen
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Figure 4.5: Examples of stimulus displays for experiment 4.3. Display A is an example of a 
deviant (oddball) display in the UVF, including screen measurements. Display B is a 
standard display in the LwVF with the target circle appearing in the distractor task. The 
central rectangle always appeared as the standard colour, with the outer rectangle varying 
with condition. The marker at the centre was either a cross or a circle according to the 
distractor task.
A total of 1320 trials were presented with each deviant appearing 132 times (66 times in UVF 
and 66 times in LwVF). The trials were presented in 12 blocks with a short break in between. 
In addition to deviant trials, the fixation cross changed to a circle (The target for the 
secondary distractor task) on 120 trials, with 10 appearances in each block.
Procedure
Beginning each trial, a fixation dot (0.5cm) was shown for a random ISI of 800-1200ms. The 
stimuli display was then shown for 200ms. The occurrence of deviant stimuli trials was 
random, but for each block, a standard stimulus was shown at least 8 times at the start. In 
addition, there were no consecutive repetitions of deviant stimuli, or of fixation circles. 
Participants were informed to focus their attention on the fixation dot in the centre of the 
screen at all times and that they would see coloured shapes flashing on the screen, but that 
they should do their best to ignore them. They were told to press the space bar on the 
keyboard as quickly as possible whenever they saw the ‘big circle’ appear on the screen.
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Additionally they were shown the consequence of eye/body movements for EEG signal and 
asked to keep this to a minimum throughout the duration of each experimental block. 
Participants had the option of a rest in between each block.
EEG recording
Skin potentials were recorded at the following sites: Fpl, Fp2, F7, F3, Fz, F4, F8, FC5, 
FC1,FC2, FC6, T7, C3, Cz, C4, T8, CP5, CPI, CP2, CP6, P7, P3, Pz, P4, P8, 01, Iz, 02, 
P09, POlO as well as left and right earlobes of which the average was used as the reference 
according to the 10-20 system (Jasper, 1958). Horizontal eye movements were captured with 
horizontal electro-oculogram (HEOG) recorded from the outer canthi of the eyes. EEG and 
EOG were recorded on-line with a 1000 Hz sample rate. The impedance for electrodes was 
maintained below 5kQ. During the EEG recording, waveforms were band-pass filtered at 
0.1-100 Hz using Neuroscan software (version 4.3). Additionally, after recording but before 
analysis, the waveforms were passed through a low pass filter of 40 Hz, and re-sampled at 
200 Hz. The waveforms were then split into epochs of 800ms beginning at each stimulus 
onset, relative to the average of the previous 200ms voltage level.
Any trials with lateral eye movements (HEOG ±50p.V), vertical eye movements, eye blinks 
(Fpl/Fp2 ±60mV), or other artifacts (voltage±80mV at any electrode) measured after target 
onset, were excluded from analyses. Trials in which the distractor task displayed a circle and 
false alarms were also excluded from analyses. For each participant, the number of trials was 
matched across stimulus conditions to the condition containing the least number of accepted 
trials by removing random trials from the other conditions.
ERP data analysis
Average waveforms were computed for each participant’s response to each stimulus type 
(Standard, Within-Deviant, Between-Deviant) and for both visual fields (UVF, LWVF). The 
grand averages used were taken from the selected posterior electrode sites Pz, P7, P8, Iz, 01 
and 02, shown to be the typical locus of vMMN effects. The average amplitude of these 
waveforms from 100-250ms was taken in order to test for deviance related negativity 
associated with the vMMN (See Clifford et al. 2011; Czigler, 2007; Pazo-Alvarez et 
al.,2003).
As per Clifford et al (2011), in order to test for the N2b/P3a complex and P3b components, 
indicative of overt attention, separate averages were also computed for time windows 250-
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350 ms and 350-600 ms) (see N2b/P3a: Folstein & Van Petten, 2008; Nâatânen & Gaillard, 
1983 P3b: Patel & Azzam, 2005; Polich, 2007).
In order to examine DRN effects, a four-way mixed-design ANOVA was conducted on the 
mean amplitudes in time window 100-250ms with stimulus (Standard, Within-Deviant, 
Between-Deviant), visual field  (UVF, LWVF) electrode (Pz, Iz, 01, 02) as within-subjects 
factors and nationality (Greek, English) as a between subject factor. By definition the DRN 
should only be elicited by either Deviant stimulus in relation to the standard. A category 
effect would refer specifically to a greater DRN to the between-deviant stimuli compared to 
the within-deviant stimuli. Evidence for a P3b was analyzed with the same factors except 
with waveform averages from the 350-600ms time window. The N2b/P3a complex was 
examined with the same factors in the time window 250-350ms, except that the factor 
electrode had just two levels (Cz, Fz). For all analyses only results involving the factor 
stimulus are reported as these are of primary interest.
4.4,3. Results
Behavioural data
The behavioural data demonstrated an average accuracy rate of 92.4% (SD=0.96) 
highlighting that the participants were attending appropriately to the distractor task.
ERP Data
Figure 4.6 and 4.7, display the grand averaged ERP responses to standard, within-category 
oddball and between-category oddball stimuli, for electrodes Fz, Cz, 01, Iz and 02. Figure 
4.6 displays the responses for Greek participants. Figure 4.7 displays the responses for 
English participants.
DRN (100-250 ms; anterior sites)
Examination of figure 4.7 reveals a lack of DRN for the between-category oddball in both 
visual fields for English speakers, as would be expected. Crucially however, inspection of 
figure 4.6 reveals a lack of DRN for the between-category oddball in the LwVF for Greek 
speakers. A DRN for the between-category oddball would be expected here if the blé-yalâzjo 
category boundary affected pre-attentive visual perception in Greek speakers. This lack of 
DRN is also present in the UVF for Greek speakers.
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As mentioned, a four-way split ANOVA with stimulus (Standard, Within-Deviant, Between- 
Deviant), visual field  (UVF, LwVF) electrode (Pz, Iz, 01, 02)^^ and nationality (Greek, 
English) was conducted on the average amplitudes of time window 100-250ms to examine 
DRN effects. From observing figures 4.6-4.7, no sizable DRN effects were apparent, and this 
was confirmed by the stimulus, visual field  and nationality interaction term, which was not 
significant (F(2,36) = .94, y? = .40). A-priori planned follow up tests were performed to 
closely examine for specific patterns in the Greek and English participants’ data separately. 
These consisted of paired samples t-tests for LwVF and UVF separately, firstly with all 
oddball stimuli averaged together, as consistent with a general DRN to oddball stimuli, and 
secondly with the standard and within stimuli averaged together, as consistent with a Greek 
colour boundary only related DRN effect. None of these paired-samples t-tests were 
significant. However, the comparison of standard vs. oddball stimuli for English participants 
approached significance for the LwVF, {t{\6) -  1.70, = .10). This appeared to reflect an 
effect of oddball stimuli being lower than standard in the LwVF, but not so in the UVF, 
consistent with a DRN to oddballs in general independently of their Greek colour category.
Additional significant results in the original 4-way analysis were: the main effect of electrode 
(F(3,35) = 5.16, p  < .01); the main effect of visual fie ld  (F(,l,37) = 7.01,y? < .05); the 
interaction between electrode and visual field  (F(3,35) = 5.31, < .01); and the interaction 
between electrode, stimulus and visual field  (F(6,l 10) = 3.49, p  < .01.) All other main effects 
and interactions were insignificant (largest F  = 1.49; smallestp=  .21).
Attentional components (N2b, P3a, P3b) Analysis
An additional three analyses were conducted to examine potential confounds of attention. 
Firstly two four-way split ANOVAs were conducted with stimulus (Standard, Within- 
Deviant, Between-Deviant), visual field  (UVF, LWVF) electrode (Cz, Fz) and nationality 
(Greek, English) conducted on the mean amplitudes for the 250-350ms time window ms) to 
check for signs of an N2b on anterior sites, and the 350-600ms time window ms) for P3a. 
Lastly, a four-way split ANOVA was conducted with stimulus (Standard, Within-Deviant, 
Between-Deviant), visual fie ld  (UVF, LWVF) electrode (Pz, 01, Iz, 02) and nationality 
(Greek, English) on the mean amplitudes of the 350-600ms time window ms) to check for 
signs of a P3b component in posterior sites. All main effects were insignificant (largest F =
^  An additional analysis was performed with six electrodes (Pz, 0 1 , Iz, 0 2 , P7, P8) and this produced an 
identical pattern o f results. The electrodes P7 and P8 were dropped from the reported analysis for consistency 
with the analysis o f Clifford et al. (2011).
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3.72; smallest p  = .06 for visual field  in anterior electrodes time window 250-350ms) apart 
from visual field  for anterior sites, 350-600ms (F(l,37) = 4.23, p  = < .05) and visual fie ld  for 
posterior sites 350-600ms (F(l,37) = 4.51,p = < .05). This ruled out any attentional 
component related explanations for the lack of DRN findings.
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Figure 4.6: Greek participants’ Grand-averaged ERP waveforms elicited in the 800 ms 
interval following stimulus onset (0 ms) in response to standard (dashed lines), within- 
category deviant (grey lines), and between-category deviant (black lines) colour stimuli. The 
left column is waveforms presented in the upper visual field, and right column are waveforms 
presented in the lower visual field. All times are in ms.
120
Upper visual field Lowervisual field
5
2.5
0
■2.5
•5
100 2 0 0  3 0 0  ^ 0 0  5 0 0  6 0 0  7 0 0  800100  0
2.5
MV
10 0  0 1 0 0  2 00  2 0 0  4 0 0  5 0 0  6 0 0  7 0 0  3 0 0
mv
-2.5
1 0 0  0 100 2 0 0  3 0 0  ^ 0 0  5 0 0  6 0 0  7 0 0  800
5
2.5
0
■2.5
-5
100  0 1 0 0  2 0 0  3 0 0  4 0 0  5 0 0  6 0 0  7 0 0  3 0 0
01
2.5
1 0 0  0 1 00  2 0 0  3 0 0  400 5 0 0  6 0 0  7 0 0  8 00
5 01
2.5
0
-2.5
■5
1 00  2 0 0  300 4 0 0  5 0 0  6 0 0  7 0 0  3 0 0100 0
2.5
1 0 0  0 10 0  2 0 0  3 0 0  4 0 0  5 0 0  6 0 0  7 0 0  8 00
MV
-2.5
10 0  2 0 0  3 0 0  4 0 0  5 0 0  6 0 0  7 0 0  3 0 0100 0
02
2.5
-1 0 0  0 100 2 0 0  3 0 0  400 5 0 0  6 0 0  7 0 0  8 00
02
2.5
10 0  2 0 0  3 0 0  4 0 0  5 0 0  6 0 0  7 0 0  3 0 0-100 0
Within Oddba •Standard • Between Oddball
Figure 4.7: English participants’ Grand-averaged ERP waveforms elicited in the 800 ms 
interval following stimulus onset (0 ms) in response to standard (dashed lines), within- 
category deviant (grey lines), and between-category deviant (black lines) colour stimuli. The 
left column is waveforms presented in the upper visual field, and right column are waveforms 
presented in the lower visual field. All times are in ms.
121
4,4.4. Discussion
With a task previously shown to elicit a vMMN to colour categories, no evidence was found 
for a difference in this component for Greek native speakers compared to English native 
speakers in response to unattended colour changes across the Greek blé/yalâzjo colour 
boundary. In addition, no differences were found for key attentional components (N2b, P3) 
suggesting that participants were similarly not attending to the changes. This non-attention is 
important as it is a requirement for the definition of the vMMN. Also, as opposed to Thierry 
et al. (2009), find evidence for this equal state of non-attention in both nationality groups 
allows the attentional state to not be considered a confound in the results. Aligning these 
results with those of Clifford et al. (2010), the lack of any sign of a deviance related 
negativity to the oddball stimuli suggests that these particular deviances could be both being 
treated as ‘within-category’ by the pre-attentive mechanisms causing this component to arise, 
and that there may be no special ‘between-category’ status for the blé/yalâzjo boundary at this 
level.
Despite the task being given in the same environment by the same experimenter, by 
observing figures 3.6 and 3.7 it can be seen that the waveforms in general differ considerably 
between English and Greek participants with regards to early components such as the PI. 
English participants clearly showing a much greater PI, which is similar to the waveforms 
found by Thierry et al. (2009). It is not clear why there should be such large differences 
between the sizes of the PI for the two groups of participants and therefore it is hard to 
speculate as to why this has been found. One tenuous answer may involve recent findings 
which have implicated the P l-N l complex being associated with the resetting of alpha-waves 
and with memory and perceptual performance (Sauseng et ah, 2009; Sauseng, 2012). With 
experiments taking place at regular times during the day any cultural differences in meal 
times could feasibly modulate the presence of alpha-waves systematically between the two 
groups, the presence of which can lower PI amplitudes. However, it is not clear exactly how 
a difference in these early time-course components could affect the vMMN, other than if 
lower amplitudes in earlier components indicate a different pre-attentive state.
With no evidence at a behavioural or a neurophysiological level for a perceptual 
representation of this Greek colour boundary with this set of colours, it could just be that the 
discriminations are too fine to reveal categorical effects. With a conceptualisation of 
perceptual categories as fuzzy-categories, integrating with decreased intervals under a 
classification curve is less likely to produce as strong categorical effects as greater intervals.
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Whilst the colours used in the previous two experiments (4.2 and 4.3) were reliably identified 
as blé/yalâzjo with a criterion over 65% in naming them as such, categorical effects may only 
reveal themselves at a greater distinction. This small distance was necessary for the task 
itself, as with larger differences, it is much more likely that the colour changes would grab 
attention. Thus in this particular experiment, the small differences were a necessary aspect of 
the design, with larger ones potentially causing the confound previously highlighted in 
Thierry et al. (2009).
However the null result of this experiment accords with the null result found in Experiment
4.2, and further exploration of the perceptual nature of the Greek blé/yalâzjo boundary needs 
to be performed in order to rule out the explanation that the distances were just too small.
For this reason two further experiments were planned in order to give the cross-cultural 
boundary a very strong chance of being revealed, with the aim of a subsequent 
neurophysiological investigation should it be found.
4.5. Experiment 4.4: A comparison of blé/yalâzjo colour search with greater luminance
differences
4.5.1. Introduction
Having found no evidence for categorical perception for Greek speakers with one set of 
colours in Experiment 4.2, it could be that the colours used in the experiment where too close 
together and not distinguishable enough to produce clear categorical effects. A second visual 
search experiment with larger luminance differences between target-distractor pairs would be 
more able to capture any categorical perception effects for the blé/yalâzjo boundary. The 
small separation of the colours perceptually may have not produced a great enough 
categorical effect to rise above experimental noise levels. Thus to confidently test for a 
categorical effect, it was thought necessary to test for an effect with a set of colours with 
wider separation size. Testing with a larger difference would also ensure that the within- and 
between-category condition is valid for all Greek participants. Perhaps larger luminance 
differences that were more inclusive of the blé/yalâzjo boundary would result in a Greek 
category effect.
In addition to this, following the method of Athanasopoulos (2009), Greek participants were 
given an English test in order to split the participants into high and low level English ability
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to examine whether exposure to English has an effect. Athanasopoulos (2009) demonstrated 
that when controlling for Greek speakers with different levels of bilingualism, the prototypes 
and category boundary for the blé/yalâzjo boundary shifted. In particular, the blé prototype 
appeared to shift closer to the English blue prototype suggesting that for advanced bilinguals 
these categories where becoming closer in definition. This study also suggests that being 
bilingual may dilute the strength of the Whorf effect, if the brain can label a pair of colours as 
both within and cross-category. Therefore by splitting by English proficiency it could be 
possible to see if an effect is present for less advanced English speakers that is not present for 
advanced speakers.
4.5.2. Method
Participants
There were 44 participants, 16 of whom were female. 26 were native Greek speakers (mean 
age = 22.92, SD = 3.05) and the remainder were native English (mean age = 20.94, SD = 
2.01). All were right handed as assessed with the Edinburgh Handedness Inventory (Oldfield, 
1971), and had normal or corrected-to-normal vision. Participants were screened for colour 
vision deficiency using the City University Colour Vision Test (Fletcher, 1980). Participants 
either received psychology course credit or money for taking part.
Stimuli and Design
All aspects of the visual search task where the same as the Experiment 4.2 except the colours. 
Colours were taken from the above naming task with a separation size of 12.5 L* units (Blé: 
40, 52.5; Gal: 65, 77.5). As in Experiment 4.2 this gave a ‘between-category’ and ‘within- 
category’ stimulus pair, with an equal number of L* units between stimuli for each.
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Figure 4.8: L* of colours used for Experiment 4.4. x y Y coordinates were calculated directly 
from LUV under illuminant C with the white point at = 80.11. The colours give a between- 
category pair of blé and Falazjo, a within category pair of 2 Blés and a within category pair of 
2 Talazjos, see Table 4.3.
Table 4.3: Colours used for Experiment 4.4. x y Y coordinates were calculated directly from 
LUV under illuminant C with the white point at = 80.11. The colours give a between- 
category pair of Blé and Ealâzjo(Blé 2 and Talazjol), a within category pair of 2 Blé s and a 
within category pair of 2 Talazjos, see figure 4.1. Background was a grey at Illuminant C (x 
= 0.310, y = 0.316 Y = 19.47).
L* U* V* X y Y
B ie l 40 -21 -37 0.2148 0.2317 9.01
Blé 2 52.5 -21 -37 0.2351 0.2498 16.5
Falazjo 1 65 -21 -37 0.2483 0.2614 27.28
Falazjo 2 77.5 -21 -37 0.2575 0.2696 41.95
Background 0.3100 0.3160 19.47
Following the method of Athanasopoulos et al. (2009), Greek participants were given an 
English test in order to split the participants into high and low level English ability to 
examine whether exposure to English has an effect. Therefore, after completing the visual 
search task, Greek speakers were given an English test based on the last 45 questions of 
Nation’s (1990) vocabulary test.
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Procedure
The procedure was identical to Experiment 4.2, except that after completing the visual search 
task, participants took part in the written vocabulary test.
4,5.3. Results
For each participant, the first 10 trials were excluded as practice trials, and trials with reaction 
times under 100ms and over 2.5s were excluded. Individual trials with reaction times over or 
under 1.96 standard deviations away from the condition mean for the participant were also 
excluded as outliers. Following this, the median reaction time for correct responses, and 
accuracy were calculated for each condition and participant. The analysis for English against 
all Greek speakers is presented first, followed by the Greek speakers only split by level of 
English speaking.
English vs. Greek
To begin with, the Greek participants’ data was analysed against the English data. Figure 4.9 
gives the mean accuracy and reaction times for participants across all conditions. It does not 
appear that for reaction time, that there is a greater category effect for Greek speakers than 
that found for English speakers, but it does appear that Greek speakers may be more accurate 
for between-category stimuli. In addition it does not appear that there is a greater category 
effect in the RVF/LH than in the LVF/RH, in either Greek or English participants. A 3-way 
mixed-design ANOVA applied to the reaction time scores and accuracy scores, with 
nationality (Greek/English), category (Between/ Within) and visual field  (LVF / RVF) as 
repeated measures variables. For accuracy, the nationality x category interaction was 
significant, F (l, 41) = 4.087,/? <.05. Post-hoc t-tests revealed a significant category effect 
for Greeks (Between-category: 92%, Within-category: 89%) /(24) = 2.65,/? < .05, but not 
English, (Between-category: 93%, Within-category: 94%) ^(17) = 0.43,/? = .67. In addition 
English participants were marginally faster, F(l,41) = 3.82,/? =.06 (English: 433ms; Greek: 
489ms) and marginally more accurate than Greek participants, Fl(l,41) = 3.18,/? = 0.08. All 
other effects and interactions (including all main effects for reaction time) were not 
significant (for reaction times, greatest F  =1.60, smallest /? = .21 and for accuracy, greatest F  
= 1.83, smallest/? = .18).
The presence of high accuracy scores overall, and the marginal difference in overall accuracy 
between the two groups, leads to the possibility that a ceiling effect could be responsible for
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the nationality x category interaction found in accuracy. To test this, a score for each 
participant was created representing the size of their category effect (Between-category 
accuracy - Within-category accuracy) which was tested for correlation with their overall 
accuracy across all conditions. For all participants (N=43), their individual category effect 
was found to be highly dependent on their overall accuracy (r=-.44,/?<0.01). Splitting by 
nationality, this was found to be significant for the Greek group (N=25 r=-.46,/?<0.5) but not
the English group (N=18, r=-.29,/?=.24), although using the Fisher r-to-z transformation 
there was no evidence that the sizes of the correlations were different (p=.54), and when 
accuracy is included as a covariate in the ANOVA above, the nationality x category 
interaction becomes not significant F(l,40) = 1.86,/? = .18.
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Figure 4.9: Reaction times and Accuracy for English and Greek speakers to detecting targets 
from distracters within and across the Greek blue category boundary (hue seperation size: 
12.5 L*). Error bars represent standard en*or of the mean.
High-scoring Low-scoring Greek bilinguals
The Greek speakers were split by the median score in the English test into two groups.
Figure 4.10 shows the mean participants’ median reaction time and accuracy for Greek 
speakers who scored either highly (Mean score = 41.6, SD = 8.51, n=13) or low (Mean score 
= 34.9, SD = 6.50, n=13). It does not appear that for reaction time or accuracy, that there is a 
greater category effect in the RVF/LH than in the LVF/RH, for either Greek or English
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participants. However it does appear that the category effect in accuracy is stronger for the 
low-scoring Greek group. A 3-way mixed-design ANOVA was applied to the reaction time 
scores and accuracy scores, with English proficiency (High/Low), category (Between/ 
Within) and visual field  (LVF / RVF) as repeated measures variables. For accuracy, the 
category main effect was significant, F (l, 23) = 6.94, p  <.05, reflecting overall more accurate 
responding to between- (92%) than within-category trials (90%). In addition, the English 
proficiency main effect was significant F(l,23) = 7.09,/? < .05, reflecting more accurate 
responding to high scorers (94%) than lower scores (88%) on the English test. All other 
effects and interactions (including all main effects for reaction time) were not significant (for 
reaction times, greatest F  = 1.73, smallest /? = .2 and for accuracy, greatest F  = 1.83, smallest 
/? = .18). This indication that lower scoring Greeks slightly greater (although not significant) 
category effect in accuracy may be due to a ceiling effect is supported in the previous section.
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Figure 4.10: Reaction times and Accuracy for High and Low English test scorers to detecting 
targets from distracters within and across the Greek blue category boundary (hue seperation 
size: 12.5 L*). Error bars represent standard error of the mean.
4.5.4. Discussion
The results demonstrate increased accuracy for responding to between-category blé/yalâzjo 
visual search than within-category visual search stimuli for Greek speakers, but not for 
English speakers. This evidence could point towards a cross-cultural difference in 
eategorical perceptual based on boundary which exists in the native language of one set of 
participants, but not in the other. The average reaction times of both groups were kept below
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500ms, suggesting this effect is comparable to previous categorical perception findings such 
as Gilbert et al. (2006), Drivonikou et el. (2007) and Witzel and Gegenfurtner (2011) which 
could be occurring without the influence of online labelling strategy. In addition to this, 
accuracy was high in both groups (94% for English; 90% for Greek), suggesting the task was 
comparable in difficulty to the previous studies (92% in Gilbert et ah, 2006; 96% in 
Drivonikou et ah, 2007).
However, a negative correlation was found between the size of individual participants’ 
category effect and their overall accuracy. This finding suggests that the interaction between 
nationality and category effect could potentially be explained by a combination of group 
differences in accuracy and ceiling effects. It appears as though for less accurate responders, 
the within-category accuracy is lower than the between-category accuracy. However for 
more accurate responders, the levels even out. The English participant group was marginally 
more accurate than the Greek. It would be therefore be expected that there would be greater 
categorical responses in the Greek participant group than the English, not due to cross- 
linguistic differences, but due to a ceiling effect squashing the latent difference in the 
detectability of the two groups in the English group. In effect, any subtle differences in the 
ability to accurately detect the targets in between- and within-category stimulus displays, may 
be squashed when participants are sufficiently accurate. These subtle differences may not be 
due to any category effect but due to the possibility that the stimuli may not be equally 
detectable despite being equally spaced in L*. With no theoretical reason for this correlation 
between overall accuracy and category effect, it is necessary to be cautious in prescribing this 
as evidence for a behavioural effect between the groups. Further experimentation is needed 
ascertain the reliability of this Greek-only ‘categorical perception’ effect, to rule out the 
possibly more parsimonious explanation that it in this case it is a ceiling effect.
4.6. Experiment 4.5 An investigation of blé/yalâzjo colour change detection with a 
behavioural oddball task.
4.6.1, Introduction
Evidence from Experiment 4.4 suggests that Greek speakers may respond more accurately to 
colour differences across the blé/yalâzjo boundary than the English speakers. However, with 
evidence associated with a ceiling effect, it was deemed necessary to replicate the finding in 
another setting. Especially with accuracy approaching a theoretical maximum under a
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speeded task, a similar effect mirroring that of the Greek speakers, could be hidden due for 
the English speakers, due to the greater accuracy in responding. This possibility was 
confirmed by a negative correlation between individual participant’s category effects, and 
their overall accuracy, meaning that the less accurate group (Greek’s) would necessarily have 
a greater category effect. This finding raises a question against the validity of this result, and 
means that further research is necessary to determine whether a cross-cultural difference in 
categorical perception exists for Greek and English native speakers.
A task which has produced very strong categorical effects behaviourally and 
neurophysiologically has been the standard oddball task Holmes et al. (2009). In this task, 
typically used in ERP research, participants are exposed to a steady stream of shapes, with 
most shapes appearing as a standard colour, which require a standard response. Two 
‘oddball’ colours intermittently appear in the stream, to which the participants offer a 
different response. The oddball colours differ from the standard in their categorical status, 
with one oddball being of the same name (within-category), and the other crossing the 
boundary (between-category). By subjecting Greek and English participants to this task, it 
should provide the best chance of uncovering an effect should there be one. Whilst this task 
relies somewhat on memory, reaction times are fast (=400ms) making it less likely that a 
participant is using an on-line verbal strategy, just as in a visual search task. If an effect is not 
found in this task, bearing in mind the memory component and the strong results in previous 
tests, then it would strongly question the likelihood of cross-cultural behavioural differences 
at the blé/yalâzjo boundary being found.
Furthermore, to maximise the chance of detecting an effect, an even wider set of colours was 
chosen than experiment 4.4 varying from a best example of blé to a best example of yalâzjo 
(Athanasopoulos, 2009). This increased the chance of detecting an effect as all the colours 
are reliably named, with oddballs corresponding to prototypes. The midpoint of these colours 
in Munsell space was highly likely to also be yalâzjo, and this was confirmed later with a 
naming test. Lastly, following the method of Thierry et al. (2010) a set of green colours was 
included with the same hue/lightness structure as the blues. This is to control against any 
group differences in response to lightness changes per se, which aren’t necessarily related to 
the linguistic categorical difference.
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4.6.2. Method
Participants
There were 40 participants, 24 of whom were female. Twenty were native Greek speakers 
who had been living in the United Kingdom for less than a year (mean age = 25.15, SD = 
4.28) and the remainder were native English (mean age = 21.6, SD = 0.75). All were right 
handed as assessed with the Edinburgh Handedness Inventory (Oldfield, 1971), and had 
normal or corrected-to-normal vision. Participants were screened for colour vision deficiency 
using the Ishihara test for colour blindness (Ishihara, 1987). Participants either received 
psychology course credit or money for taking part.
Stimuli and Design
Stimuli were rectangular patches of computer-generated colour (102mm x 105mm). Colours 
were taken from Munsell look-up tables, with an equal number of steps in each dimension 
(See Figure 4.2 and Table 4.1). There were two sets of colours, a green set and a blue set. 
Each consisted of a standard stimulus, and two oddball stimuli. For Greek speakers, the 
oddballs were designed so that one oddball represented a within-category colour change, and 
the other a between-category colour change. The colours were rendered on a calibrated 
monitor, and verified with a colorimeter (Cambridge Research Systems ColorCal, Rochester, 
U.K.).
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Figure 4.11: Diagram of colours used for Experiment 4.5. There were two sets of colours, 
green and blue, laid out so each set had a standard, dark and light oddball. The oddballs in 
green set would be labelled all as within-category greens for both English and Greek 
speakers. For the blue set, all oddballs would be labelled as within-category blue, but for 
Greek speakers, the dark blue oddball would be a between-category oddball. See table 4.4 for 
colour coordinates.
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Table 4.4: Colours used for Experiment 4.5. x y Y coordinates were calculated directly from 
Munsell under illuminant C with the white point luminance at = 100 cd/m^. The blue set 
consists of a standard stimulus and two oddballs, which differ from the standard by 2 Munsell 
value units, and 3.33 Munsell hue units, on opposing directions. The green set is spaced 
equivalently. For Greek speakers the standard blue and light oddball blue are named as 
‘yalâzjo’, whilst the dark oddball blue is named as ‘blé’. This leads to the light oddball blue 
representing a within-category colour change, whilst the dark oddball represents a between- 
category change (for Greeks only). All blues are named blue for English speakers, and all 
greens are named ‘green’ in English and ‘prasinos’ in Greek. The background was a grey at 
Illuminant C (x = 0.310, y = 0.316 Y = 30.05).
H V C X y Y
Standard Blue 8.33B 6 6 0.237 0.268 30.10
Light Oddball Blue 5B 8 6 0.245 0.288 59.35
Dark Oddball Blue 1.67PB 4 6 0.221 0.237 12.10
Standard Green 8.33G 6 6 0.264 0.364 30.08
Light Oddball Green 5G 8 6 0.282 0.370 59.46
Dark Oddball Green 1.67BG 4 6 0.231 0.353 11.95
Background 0.310 0.316 30.05
Procedure
Task instructions were presented in the participant’s native language. Participants responded 
to the green and blue stimulus sets in two blocks of 100 trials, with the order of green and 
blue counterbalanced across participants. At the start of each trial, a central fixation cross 
was presented on a grey background, and participants were instructed to fixate the central 
fixation cross. The fixation cross lasted for an interval between 1300ms and 1600ms, 
followed by the coloured rectangle stimulus which was shown for 400ms. Responding 
during the following interval, participants were asked to indicate whether the colour shown
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was the standard stimulus or an oddball, using two horizontally aligned buttons on a serial 
port button box, with fingers counterbalanced between participants. Reaction time and 
accuracy was recorded. After response, a central fixation cross remained for 1000ms until 
the next search array was shown.
4,6.3. Results
For each participant, trials with reaction times under 100ms and over 2.5s were excluded. 
Individual trials with reaction times over or under 1.96 standard deviations away from the 
condition mean for the participant were also excluded as outliers. Following this, the median 
reaction time for correct responses, and accuracy were calculated for each condition and 
participant.
Figure 4.12 gives the mean accuracy and reaction times for participants across all conditions. 
For the blue stimulus set it appears as if for both Greek and English participants that the 
between-category oddball is responded too more quickly and accurately. But it does not 
appear that for reaction time or accuracy, that there is a greater category effect for the blue 
stimulus set when compared to the green stimulus set. A 3-way mixed-design ANOVA was 
applied to the reaction time scores and accuracy scores, with nationality (Greek/English) as a 
between-subjects variable, and with oddball lightness (Dark / Light) and colour set (Blue / 
Green) as repeated measures variables. For reaction times, the crucial 3-way interaction 
between nationality, oddball lightness and colour set was not significant F(l,38) = .013, j? = 
.91. Them aineffectofo(i<iM /% tee55 was significant F (1,3 8) = 21.29,/?<  .001, 
reflecting faster reaction times for darker oddballs [405ms] compared to lighter oddballs 
[429ms] across colour set and nationality. In addition, the interaction between colour set and 
nationality was significant, F(l,38) = 4.23,p  < .05. Paired samples t-tests revealed that for 
English, the green set [412ms] was significantly faster than the blue set [436ms] overall, 7(19) 
= 2.22,p<.05. But for the Greeks, there was no significant difference between the blue set 
[408ms] or the green set [412ms], 7(19) = .47,/? = .64. To clarify, a further independent 
samples t-test for the blue set, revealed no significant difference between the Greeks and 
English, 7(38) = .87,/?=.38. For accuracy too, the crucial 3-way interaction between 
nationality, oddball lightness and colour set was not significant F(l,38) = .081,/? = .78. The 
main effect of oddball lightness was significant 77(1,38) = 39.33,/? < .001, reflecting more 
accurate responding to darker oddballs [87%] than lighter oddballs [77%]. All other effects
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and interactions were not significant (for reaction times, greatest F = 2.23, smallest/? = .14 
and for accuracy, greatest F  = 1.52, smallestp  = .23).
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Figure 4.12: Reaction times and Accuracy for English and Greek speakers to responding to 
oddball stimuli. In all cases the darker oddball stimuli was responded to more quickly and 
accurate than the lighter oddball. For the Greek speakers, the dark blue oddball was a 
between-category colour change in relation to the standard stimulus, whilst the light blue 
oddball was a within-category colour change.
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4.6.4, Discussion
Given conditions designed to maximise the chance of finding a cross-cultural categorical 
perception effect for Greeks, no effect was found. Although there is a greater difference 
between the within- and between-category oddballs for blues for the Greeks and English, this 
greater difference is also present for the green set of colours. This finding demonstrates the 
importance of controlling for differences in response to lightness per se, when searching for a 
cross-category result. It is worth noting that in this experiment, overall accuracy and reaction 
times for both groups were similar suggesting that both groups performed the task similarly. 
In addition the post-experiment naming test confirmed the blé/yalâzjo distinction for the 
colours for each Greek participant. Not finding a cross-cultural effect here leads to the 
question as to why an effect appeared to have been found in Experiment 4.4. It seems likely 
that the aforementioned explanation in terms of a ceiling effect could be responsible (see 
discussion section of experiment 4.4). This experiment was designed to have a strong chance 
of showing the effect, which it failed to do.
However, there was a difference in response to the light and dark oddballs which, because 
occurring for both nationalities and colour sets, is unlikely to be due to categorical perception 
but some other mechanism. A likely candidate for this mechanism is that it is the Weber- 
Fechner law (Ross & Murray, 1996) which suggests that the change from standard to light is 
a smaller difference that fi-om to dark, as the magnitude of this difference psychologically, is 
scaled by the absolute values. Whilst the correspondence of Munsell value (brightness) to 
luminance is non-linear, the space is not certainly equipped to control for the Weber effect. 
However, it is important to note that this is not a confound in the design as it can be seen that 
Munsell value corresponds to luminance independently of hue and chroma. This means that 
luminance values are equal across the two stimulus sets and whence this equality can explain 
the similar difference in reaction times to the green and blue stimuli.
With a lack of effect from these studies, it is not clear how fundamental any difference in 
perception between Greek and English participants could be around this boundary. There is 
of course a chance that effects are present, but just too small to be detected in the current 
paradigms. Even in this case it must be worth considering how important these differences 
would be, compared to the main point which is that despite a difference in basic colour 
boundary, the response of English and Greek speakers to this boundary is largely similar. 
When comparing this to the results of similar experiments around the blue / green boundary 
the differences are clear. However, it has to be considered that the Greek speakers were
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bilingual and currently residing in England, as well as the controversy surrounding the 
basicness of the blé/yalâzjo distinction mentioned in the introduction to this chapter. Further 
research should address these issues, by testing native speakers, and perhaps controlling for 
those who treat yalazjoas a full basic colour other than those who say it is a type of blé.
1.1. General Discussion
Overall, the results of Chapter 4 demonstrate a lack of convincing evidence for a 
linguistically/categorically driven difference in the colour perception between Greek and 
English speakers. In controlled conditions, three behavioural experiments (4.2,4.4,4.5) and 
an event related potential study (4.3) fail to find convincing evidence that Greek native 
speakers are particularly responsive to colour changes occurring between the blé/yalâzjo 
colour boundary. Experiment 4.2 found no evidence for the boundary in a visual search task, 
and Experiment 4.3 found no evidence for any neurophysiological response. With greater 
separated colours. Experiment 4.4 detected a slight increase in accuracy to the boundary. 
However, due to a negative correlation of this effect with overall accuracy; it likely 
represents a ceiling effect (see discussion of Experiment 4.4). Furthermore, in experiment
4.5, whilst it again appeared that Greeks were more sensitive to the blue between-category 
stimuli, they also showed the nearly the exact same pattern for green stimuli, ruling out the 
possibility that the blue stimuli were being processed differently. These results challenge the 
relativist viewpoint of colour categorical perception, which would suggest that perceptually, 
Greek and English native speakers should differ in their ability to discriminate across this 
boundary, due to the linguistic environment the Greeks would have been exposed to. The 
implication of this finding is to suggest that most cross-cultural studies of colour perception, 
in which linguistically driven categorical differences are found, are reflecting a less 
fundamental and basic stage of representation rather than the raw ability to discriminate and 
detect colour differences. This would mean that the perceptual capabilities of Greek and 
English speakers are largely similar at this early level despite the difference in basic colour 
terms. This would provide support to the idea that what we would typically call perception is 
free fi*om a linguistic supervenience (e.g. Webster & Kay, 2012, find no evidence that 
linguistic colour terms affect perceptual grouping), possibly barring the, arguably artificial, 
circumstances in which verbally driven top-down colour labelling can temporarily augment 
later decision making processes. This pattern of results also indirectly support the Berlin and 
Kay (1969) theory in which the co-occurrence of linguistic colour categories and colour
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perception categories is explained by a tendency for a language’s colour terms to segment 
categories latently described in perception, rather than the other way around.
The findings in this chapter underline that much previous research pointing towards a 
relativist account of colour categorical perception (e.g. Davidoff et al. 1999; Roberson et al. 
2000; 2002; 2005; Winawer et al., 2007) may in fact be distorted by the particular manner of 
data collection, namely that the effects are created by memory and on-line labelling affecting 
decision processes. For Whorfian effects to be found in early perception, and whence 
relevant to a culture’s fundamental ‘what they see’, they should endure outside of such 
paradigms as remembering the colour of a chip, and outside of tasks where there is 
motivation to conceptualize internally the category of a colour, to change the apparent 
distinction at a response level. There should be evidence that there are long-term effects on 
perception, rather than short-term cognitive effects. Webster and Kay (2012) note that colour 
categorization could be at a similar level to the Stroop effect (MacLeod, 1991), with a verbal 
code adjusting the ‘perceived’ colour at the response stage^^. It may be that such cognitive 
effects of colour categories could reflect this higher level of processing, similar to the classic 
finding that more valuable objects are ‘perceived’ as larger (e.g. Bruner & Goodman, 1947). 
It is likely that an observer unaware of the value would not display this altered ‘perception’, 
just as with colour categories that differ across-cultures. And whilst this leads to a discussion 
of where perception ends and cognition begins (e.g. Lyons, 2009), it would be hard to argue 
that the fundamental early perceptual representation of object size is modified by value 
attributes. Rather these effects reflect motivated, strategic biases originating from higher 
level areas. In their demonstration of learned categorical distinctions, Goldstone et al. (2001) 
highlight that the changes that are apparent behaviourally can involve strategic biases rather 
than representational change, which come into effect due to the motivation of the participant 
to categorise the stimuli well. With the verbal interference paradigm being potentially 
dubious (see Chapter 3), the conditions in which Whorfian effects do arise needs to be fully 
explored, especially given evidence to the depth at which concepts can seem to adjust 
perception (e.g. Lupyan, 2012).
The results of this chapter’s behavioural experiments suggest that these speeded visual search 
tasks tap more fully into the participants’ perception, by not allowing the slow responding
^ Whilst the reverse Stroop effect proved elusive in the first report (Stroop, 1935), later studies using coloured 
keys demonstrated that the perceptual colour could interfere with response to the word (Durgin, 2000; Sugg & 
McDonald, 1994).
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which would be necessary for a more strategic response (c.f. Roberson et ah, 2008; Winawer 
et ah, 2007). Whilst there could be motivation for Greek speakers to represent the stimuli by 
colour category, the absence of effects this way leave open the possibility that this could be 
related to the amount of time to process the stimuli under speeded conditions. It remains to 
be seen whether slower responding could produce eross-cultural categorical effects for the 
blé/yalâzjo boundary, but having not found effects with a speeded task suggests that the early 
perceptual stage at least is not warped by the difference in colour lexicons. In addition, the 
ERP study (experiment 4.3) suggests that the promising finding of Thierry et al. (2009) may 
be an artefact of between group differences in attentional processes. In essence, if linguistic 
categories can after all affect early perception in an enduring and non-temporary way, then 
for these experiments it would have been expected that Greek natives would have responded 
more quickly and accurately or for there to be a signature neurophysiological marker of the 
blé/yalâzjo boundary. Whilst this was not found, certain caveats must be held with regards to 
this results which I address. Firstly, it could be mentioned that the power of the studies was 
not great enough to detect what could be a very small effect. The three behavioural 
experiments of this chapter proceeded to create conditions best for the category to reveal 
itself (barring using memory tasks with long intervals between stimuli). If the effect was 
present but too small to be detected, then it leaves open questions of why it should differ from 
other boundaries, should these boundaries be linguistically moderated. If an advantage on the 
order of a just few milliseconds was found for Greek speakers, then it hardly measures up to 
the powerful difference found between the blue/green difference in Gilbert et al. (2006)^" ,^ or 
even novel trained categories such as those reported in Ozgen and Davies (2002; see also 
Zhou et al., 2010).
This leads directly on to the diseussion of the possible effect that the slightly controversial 
‘basicness’ of the Greek term ‘yalâzjo’ is on these results. Bar, Kay, Berlin and Merrifield 
(1991) identified three criteria for a colour term to be basic: Monolexemic status, presence 
for every observer and non-subsummation within the range of another. For the Greek light 
blue ‘yalâzjo’, both Androulaki et al. (2007) and Athanasopoulos (2009) report 
contentiousness towards the third criteria, in that many Greeks would possibly admit that 
‘yalâzjo’ was a type of ‘blé’. Informal interviews with many participants from this chapter, 
after experimentation, revealed that this was certainly the case for some (but not all). These
Should it be argued that this effect was linguistic, and not an artefact o f the perceptual metric used to space 
the stimuli (Witzel and Gegenhirtner, 2011; Lindsey, Brown and Guckes, 2011)
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participants invariably explained that ‘blé’ was ‘blue’ and that ‘yalâzjo’ was the term 
everyone used for all light blues, such as the sky, which would not typically be labelled ‘blé’ 
given a choice, but it was understood were ‘blé’ nonetheless. Despite this difference, 
postulating a mechanism whereby categorical perception is instantiated by the association of 
colour terms and perception, it seems that the repeated use of ‘yalâzjo’ to label objects 
throughout development should have a similar effect as to any other boundary. Androulaki et 
al, (2007) presented data showing that ‘yalâzjo’ was used consistently to label light blue 
colours. Given similar consistency for ‘blue’ and ‘green’ labelling, it would be very unelear 
how early perception could tell the difference, especially for a developing child. To argue 
that the ‘basicness’ of yalâzjo in terms of its subsummation is why no effects are found, 
would be arguing for a very sensitive mechanism for detecting linguistic basic colour terms, 
and adjusting perception therewith. In reality, the consistency of use of yalâzjo over blé for 
certain colours, is likely to have same effect as the blue/green distinetion and show effects, if 
such effects are linguistically driven. This assumption could be tested by performing similar 
research on the Russian sinyj/goluboj boundary which does not suffer from so much 
controversy around its basic nature (Paramei, 2005). In addition for future research, the 
possible effects of learning a second language can be ruled by testing Greek monolinguals.
This leads finally to some criticism of the experiments that could revolve around the bilingual 
nature of the Greek participants. With empirical evidence that exposure to English seems to 
change the conception of the blé/yalâzjo boundary for Greek participants (Athanasopoulos,
2009), it could be said that using bilinguals is not suitable for testing these effects. Whilst it 
is true that monolingual participants would be preferred, it seems unlikely that the presence 
of English as a second-language would erase this tendency to split the blue category. It 
would suggest a kind of submission to English categories on behalf of the perception of all 
bilinguals, that the blé/yalâzjo distinction was no longer required. Whilst learning English 
may feasibly bring blé and blue focal colours closer together conceptually, it seems unlikely 
that it would erase the blé/yalâzjo distinction, and it should still allow effects to be 
detectable. In Experiment 4.4, the Greek participants were split into two groups, and slight 
differences found here could point to such a possibility, but the evidence for ceiling effects 
rules out any firm conclusions. Again, these possibilities whilst interesting to explore in their 
own right can be controlled for by using monolingual participants in future research.
It is also worth making a point of some of the pitfalls of cross-cultural research, which reveal 
themselves even when comparing participants from cultures equal in education and socio­
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economic development. Firstly, several unexplained interactions between nationalities 
occurred: In experiment 4.2, Greeks were significantly faster in the LVF than in the RVF for 
the task, as opposed to the English who had roughly the same speed for each hemifield. In 
experiment 4.3, Greek participants displayed a strikingly smaller PI component to English 
participants. Additionally, quite often either reaction times or accuracy differed between the 
two group’s participants. There are no convincing explanations for these effects, which could 
not be seen to correlate with any linguistic difference, but could potentially interfere in the 
interpretation of results. One such example was in experiment 4.4 where a nationality by 
category effect interaction was found significant, in which it appeared that Greek participants 
were worse at detecting within-category differences in the blues than the English. However, 
Greek participants were also significantly less accurate than English in general. This meant 
that what is likely a nationality independent difference in difficulty between the two 
conditions became expressed more greatly for the Greek participants, due to the English 
means being at ceiling. This interpretation was bolstered by including overall accuracy as a 
covariate, which eradicated the previous interaction. Notwithstanding this, results such as 
these highlight the importance of controls such as the green set of colours in experiment 4.5.
It appears that unexplained group differences towards these visual tasks can occur, and 
without suitable controlling for any unexplained differences in luminance per se, an effect 
maybe falsely attributed to language.
In summary, this chapter finds fundamental issues with all evidence supporting a Whorfian 
account of cross-cultural differences in early perception, and the series of experiments 
demonstrated that when controlling for these issues, at least for the Greek blé/yalâzjo 
boundary, no convincing Whorfian effects could been found. However, to conclude fully that 
linguistic colour terms have no effect on perception, further research with similar perceptual 
tasks should be applied to other linguistic boundary differences (e.g. Russian), should the 
blé/yalâzjo boundary prove not to be a representative case. Should such differences be found, 
the location of the difference and the prevalence of effects should be highlighted, because to 
say our perception is adjusted by the language we speak is misleading, if it only occurs in 
non-representative circumstances.
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Chapter 5: General Discussion
5.1. Overview
The purpose of this thesis has been to examine the nature of language and thought by 
investigating whether language can influence colour categorical perception. The three 
experimental chapters have closely investigated the evidence that categorical perception may 
be influenced by language in a way which is not due to memory or response strategy. In each 
case, by testing the assumptions that would underlie these approaches, no experimental 
support for an influence of language has been found bringing in to doubt the existing claims 
for support. This means that further exploration would be required to show any effect of 
language on categorical perception and that most current findings can be accounted for with 
biases in attention, memory or response based accounts. The main aims of this chapter are to 
collate and resolve issues surrounding this question, as well as to discuss the implications of 
these findings, and to suggest future avenues for research.
5.2. Summary of the main findings
Chapter 2 directly challenges the major assertion of Gilbert et al. (2006) which was that 
language is responsible for the stronger categorical perception of colour found in the RVF 
during visual search. In this chapter, Gilbert et al.’s original finding was replicated thereby 
demonstrating again that the effect is replicable. A category effect (referring to the advantage 
of between- over within-category response times) was found in both visual fields, and as in 
Gilbert et al., it was found to be greater in the RVF. Whilst the apparent latéralisation of this 
category effect was established, two subsequent experiments directly challenged the theory 
that it was language that was responsible for the latéralisation found here (and in the original 
effect). In these experiments, participants performed a similar visual search task except that 
all the colours had the same name, meaning that there was no categorical distinction between 
the colours. However, the perceptual distances between the targets and distractors were 
manipulated to mimic the previously discovered perceptual imbalance of the colour metric 
(Munsell) used in Gilbert et al. (2006). Whilst this metric has been used in other previous 
studies, it appears that the target/distractor pairings which cross a colour boundary were more 
easily discriminable than the within-category pairings (Brown et al., 2009; Witzel & 
Gegenfurtner, 2011). These experiments had ‘far’ pairs, which mimicked the between- 
category pairs of Gilbert et al., and ‘near’ pairs, which mimicked the within-category pair. It 
was found that even though all colours had the same name throughout the task, a similar 
pattern of latéralisation emerged, with the differences between the two conditions (far and
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near) found to be greater in the RVF. This is evidence that the apparent latéralisation found 
in Gilbert et al. for colours that cross a boundary could in fact be the result of the same 
mechanism that caused the latéralisation of this non-linguistic experiment’s ‘metric’ effect.
A further two experiments explored a potential account for the effect based on the possibility 
that a directional bias in attention could be responsible for the pattern. In these experiments 
(visual search and target detection) participants were exposed to blocks of trials in which a 
greater number of targets would appear on one side or the other, a manipulation which was 
designed to direct attention more to that side. It was found that the greater category effect 
was found on the side with the least number of targets, thereby supporting the notion that a 
bias of attention directed to one visual field could affect the interaction between responses to 
visual field and the category effect. In particular it seemed that the bias in target frequency 
lowered the difference in response times relative to the less frequent side. With the 
assumption that attention was increased to the more frequent side, these studies add support 
to the view that the effect of Gilbert et al. (2006) and other lateralised studies may reflect 
biases in attention which can cause spurious lateralised effects.
Chapter 3 explored the effects of verbal interference on categorical perception of colour. In 
addition to showing greater categorical perception in the RVF, Gilbert et al. (2005) 
demonstrated that under the condition of verbal interference, no categorical perception was 
found. In this chapter, the assumptions underlying the verbal interference approach were 
explored in the light of more general research into memory, which highlighted the possibility 
that different interference types may have other effects which are not strictly verbal in nature. 
The first experiment was a visual search task in which all targets were green and therefore 
had the same name. The design was similar to previous experiments (Experiment 2.2 & 2.3) 
in that the target/distractor pairs varied in their perceptual distance apart, leading to ‘near’ 
and ‘far’ pairs. Participants completed two blocks: one with verbal interference and the other 
with spatial interference (as per Gilbert et al.). It was found that under spatial interference 
there was a significant difference in reaction times to ‘near’ and ‘far’ pairs, but that this was 
eradicated with verbal interference, a finding in aceord with that of Gilbert et al. Since there 
was no linguistic distinction between the ‘near’ and ‘far’ pairs it was coneluded that verbal 
interference may have an additional non-linguistic effect on visual search times when 
compared with spatial interference. Experiments 3.2 and 3.3 tested a novel form of non­
verbal interference (melodic interference) which was designed to be more similar to verbal 
interference due to sharing features such as the ability to be rehearsed and being of an
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auditory nature. With the original design of Gilbert et al. (2006) no effect of the different 
types of interference was found on visual search, even when compared to non-interference 
conditions. This led to an agreement with other studies, which did not find any effect of 
verbal interference at all (Lui et al., 2008; Witzel & Gegenfurtner, 2011). Because these 
experiments involved presenting words aurally rather than written on the sereen, one 
possibility for the lack of effects was due to auditory information being memorised in a sound 
code rather than as words (Penney, 1990). A final experiment sought to dissociate the effects 
of melodic and verbal interference with a combined visual search / naming task. In this 
experiment, instead of identifying the location of the target, participants had to name it. 
Naming performance suffered under verbal interference but not under melodic interference, 
suggesting that the verbal interference could have an effect on the verbal process of naming. 
These results suggest that on-line naming of the colour stimuli may not be occurring during 
visual search as speculated by Gilbert et al. (2005) and Roberson et al. (2008). This is 
because verbal interference affects the task when naming is overtly involved, but not when 
just visual search alone is required. The results of this chapter as a whole brought into 
question the validity of the verbal interference approach as a tool for implying language 
involvement, as it appears that in some cases verbal and spatial interference tasks can affect 
visual search differently without any linguistic mechanism. It also finds no support for any 
specific effect of language based interference on categorical effects in visual search.
Chapter 4 further investigated the findings of studies which have found cross-cultural 
differences in categorical perception in visual search (Roberson et al., 2008) and 
neurophysiologically (Thierry et al., 2009). Experiment 4.1 established the colour boundary 
between blé and yalâzjo, the light and dark Greek blue colour categories. Experiments 4.2 
and 4.4 further investigate findings of a cross-cultural difference in visual search that accords 
with a given language’s colour categories (e.g. Roberson et al., 2008). Roberson et al. (2008) 
found faster reaction times when targets and distractors were from different categories (an 
advantage which also appeared lateralised, being stronger in the RVF) for Koreans and not 
English speakers. However, they used long stimulus presentation and the participants gave 
long response times, which were even longer for Korean speakers relative to English 
speakers. In the current experiments, native Greek and English speakers performed visual 
search for blues, with a condition that had targets and distractors cross the boundary that 
exists for Greek colour terms (light blue and dark blue) but not for English. With similar 
response times for both groups, no effect of language was found for differences between
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these colours (and no evidence of latéralisation). Experiment 4.3 investigated the finding of 
Thierry et al. (2009) who claimed to find a neurophysiological marker (vMMN component) 
of unconscious early perception that occurred in response to between-category colour 
changes for Greek speakers but not English. An issue with this study was the evidence that 
English speakers may have been attending to their task in a different way to the Greeks. 
Specifically, for the vMMN component to be valid it was necessary that the colour changes 
were not consciously perceived, but the English data showed evidence of attention (a P3 
component) to the changes. For this reason, the current experiment used a different task, in 
which the colour changes were less likely to be noticed and attended. Under these conditions 
no effect of language consistent with an increased vMMN to between-category differences 
was found. This result suggests that the original finding may not necessarily be due to the 
cross-cultural difference in early colour perception, but instead due to the difference in 
attention given by the English and Greek partieipants. A final experiment attempted to create 
ideal conditions for a cross-cultural difference to be found. In a reaetion time based oddball 
task, Greek and English participants had to respond to odd colours amongst a stream of 
standard colours. No difference between Greek and English participants reaction times were 
found when the colour change crossed the Greek blue category boundary. Whilst many 
studies have found categorical perception using tasks which rely on memory or are 
susceptible to response biases (e.g. Winawer et al., 2007), the results of this chapter suggest 
that more evidence may be needed to show cross-cultural differences in colour perception as 
measured by visual search, as well as unconscious perception and that the Greek blue 
boundary may not be perceptually represented.
5.3. Implications of the findings
The experimental findings presented here have wide ranging implications for the debate 
about the interaction between colour categories in language and thought. They also question 
many of the assumptions underlying experimental approaches such as verbal interference and 
visual half-field studies. These experiments were designed to directly challenge findings that 
suggest that language affects perception. Despite it not being clear how colour categorical 
effects could emerge without linguistic categories, the findings here question the entire notion 
that colour perception may be affected by language outside of a memory or response based 
account. Many theorists have suggested that perception can be affected by linguistic 
categories despite the fact that perception has classically been thought to be independent to 
language (Lupyan, 2012). According to this account, colour categorical perception effects
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could arise due to the top-down influence of higher-level language areas. Broadly, finding 
effects of language on perception would be a truly novel finding with many implications. For 
this reason it is important to closely examine the evidence and question the assumptions that 
are presented. The evidence for linguistic influence on perception came fi-om main three 
sources i) hemispheric asymmetries, ii) verbal interference iii) cross-cultural studies, and the 
validity of each is called into question by the experimental results here.
5.3.1. Hemispheric asymmetries 
The findings in Chapter 2 challenge the assertion of Gilbert et al. (2006; and Kay & Regier, 
2003) that we filter half of our visual world through the colour boundaries we acquire 
through language. According to this theory, colours in the RVF are more easily detected 
when they differ in category fiom the distractors because of language. The results of chapter 
two bring the validity of this conclusion into question as it appears that a lateralised effect can 
arise in the same fashion even when it does not rely on language. It suggests that results of 
lateralised categorical perception of colour (Drivonikou et al., 2007; Franklin et al., 2008a; 
Franklin et al., 2008b; Liu et al., 2009; Paluy et al., 2011; Roberson, Pak, & Hanley, 2008; 
Siok et al., 2009; Zhou et al., 2010) may all be a the result of a bias which is unrelated to 
language. The results of Experiments 4.2 and 4.4 also challenge the study of Roberson et al. 
(2008) who found a cross-cultural difference in lateralised categorical perception -  in these 
experiments, no latéralisation was found that was consistent with the difference in language.
For lateralised categorical perception to be demonstrated, an adequate control for the 
transient effects of attention must be provided. The results of Experiments 4.2 and 4.4 also 
have implications for studies which have focused on neurophysiological markers of this 
latéralisation (Lui et al., 2009; Mo et al., 2011). If the behavioural results suggest that target 
detection is lateralised then it is also a possibility that what caused this may also be playing a 
role in the lateralised markers found by these studies. The general implication of these 
findings is that the RVF advantage for categorieal processing is not valid evidence to 
demonstrate linguistic effects on visual search for colour. Alongside studies which have 
found no lateralised effect whatsoever (Brown et al., 2011; Witzel & Gegenfurtner, 2011; 
Wuerger et al., 2012) and Brown et al. (201 l) ’s finding that the linguistic boundary of an 
individual is not predicted by the perceptual boundary (as predicted by visual search times), 
these experiments would support an account suggesting that there may be no effect of 
language on colour categorical perception. Instead, the category effects that are seen (for
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which it is debatable as to whether they constitute category effects; Brown et ah, 2011) could 
possibly arise independently of colour naming, as does the apparent latéralisation.
The results of Chapter 2 also challenge the general technique of the split field method with 
visual search in other non-colour studies (Gilbert et al., 2006; Holmes & Wolff, 2012). 
Latéralisation of brain functions has been notoriously difficult to study behaviourally due to 
the complicatedness and variety of functions shared between the two hemispheres (Braun, 
Achim & Larocque, 2003). The complexity of the fixed architecture of the brain is only 
added to by the transient effects of attention which can affect the appearance of patterns 
which are found. Whilst language is one potential reason for causing a latéralisation in a 
task, it is only one of many, since it is very difficult to separate the effects of attention, of 
which it seems likely that there always may be. The results of experiments 2.4 and 2.5 
demonstrate how the apparent pattern of results in a visual double field study can be easily 
changed. In these studies, the difference between the between- and within-category 
responses is changed in accordanee with the side in which more targets appear. Assuming 
greater attention is directed to one side, it could be expected that both between- and within- 
category discriminations would increase, (and concurrently decrease on the opposite side). 
However, this is not the case, with the manipulation having a different effect on the two 
conditions. What this demonstrates is that the pattern of lateralised effects founds in these 
tasks is highly susceptible to subtle experimental changes and therefore it is difficult to 
postulate fixed mechanical reasons for why an effect is found. Despite this, in the original 
task (and in Experiment 2.1) there is no imbalance in the design as targets appear equally 
often in the L and RVF. Whilst this is true, it leaves open the possibility that any 
uncontrollable aspect of the task could be causing a degree of shifting in spatial attention.
This shift in spatial attention could occur because of a compensation due to one area being 
occupied (for instance engaging one hemisphere disproportionately may bias endogenous 
attention to contralateral space, Bryden & Mondor, 1991; Teehentin & Voyer, 2007), or due 
to the capacity for an area to be specialised to the task (for instance the RH specialization for 
colour detection (Davidoff, 1976; Hannay, 1979; Sasaki et al., 2007) or for any other 
unspecified reason. So potentially, greater attention could be given to the LVF either because 
of occupation of the LH, or due to greater accuracy in discrimination in the RH. However, 
because this is not controlled it means that equal attention to each visual field cannot be 
assumed. The results of this experiment therefore re-highlight the problems researchers have 
had in drawing conclusions from split field studies. The implication of this research is that
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these transient effects of attention must be taken into account when interpreting latéralisation 
studies, including conditions (such as Experiments 2.2 and 2.3) where the funetion-to-be- 
tested is not included to observe whether latéralisation occurs spontaneously.
5.3.2. Verbal Interference
The results of Chapter 3 challenge the interpretation of the verbal interference aspect of 
Gilbert et al.’s (2006) study. The results of Experiment 3.1 imply that verbal and spatial 
interference are differently affecting visual search processes outside of the domain of 
language. Specifically it appears as if verbal interference is causing the reaction time 
difference between two different perceptual distances to disappear. If verbal and spatial 
interference are having dissimilar effects on non-linguistic visual search then it is no longer 
safe to assume that it is the verbal interference’s specific effect on language processing which 
is causing the apparent loss of categorical perception in Gilbert et al.’s original study. This 
also applies to the findings of Gilbert et al. (2008) who found that verbal interference 
knoeked out categorical perception of cats and dogs in the RVF. Due to the methodological 
problems introduced by the different aspects of verbal and spatial tasks, no firm conclusions 
can be drawn as to whether visual search uses language information. The results of 
Experiments 3.2 and 3.3 can also be added to the findings by other researchers which 
sometimes have failed to find any effect of verbal interference (Lui et al., 2008; Witzel & 
Gegenfurtner, 2011). In these cases, verbal information was presented aurally, which could 
possibly mean that any laek of effect of auditory verbal interference could be due to a weaker 
effect of auditory word presentation on working memory than visual, or because verbal 
information can be held in an acoustic code, and therefore interfere less with a phonological 
code (Penney, 1989). However, the results of Experiment 2.4 go a long way to address this 
by showing that when naming is explicitly involved, the auditory tasks do have different 
effects, with the verbal interference task affecting naming negatively relative to the melodic 
task. The combined lack of effect of verbal interference in Experiments 3.2 and 3.3 and 
finding of it in Experiment 3.4 suggest that colour naming may not be occurring during visual 
search regardless of whether it affects reaction times or accuracy. This is because the 
different effect of the two tasks is demonstrated when naming is explicitly required, but no 
effect is seen when explicit naming is not required. The results from Chapter 3, alongside the 
studies which do not find any effect of verbal interference on categorical perception (Lui et 
al., 2008; Witzel & Gegenfurtner, 2011) suggest that verbal information is at the very least 
not required for visual search (as seemed to be the case in Gilbert et al.) and more likely not
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used at all. This finding does not rule out an account of language inducing long lasting 
categorical perception at a low-level, but goes against theories which would rely on an active 
top-dovm flow of information from language areas (the theory advanced by Lupyan, 2012).
The results of Chapter 3 also have implications for the use of verbal interference as a whole. 
Lupyan, (2009) has suggested that the verbal interference approach can be used to mimic the 
effects of aphasia. Several researchers have used verbal interference to imply the 
involvement of language (e.g. Pilling et al., 2003; Roberson & Davidoff, 2000; Winawer et 
al., 2007) in tasks other than visual search. If, as demonstrated in Experiment 3.1, verbal 
interference and spatial interference have different effects on a task without any linguistic 
aspect then it calls into question the effects on other tasks using this approach. As discussed 
in Chapter 3, interference tasks rest on the idea that they uniquely affect information in their 
modality, relying on a simple conception of isolated ‘black boxes’ of working memory (e.g. 
Baddeley, 1974). Studies rely on the assumption that the contrasting content of the memory 
tasks knock out individual resources associated with that content, and affect joint processes 
equally. However, contemporary research into working memory suggests that the different 
modalities share a lot of resources, and therefore each task may be having further un­
controlled effects (Morey & Cowan, 2004; 2005; Vergauwe, Barroulliet & Camos, 2009). 
Also as mentioned in Chapter 3, the assumption that tasks are equal in difficulty if they 
produce the same success rate is not tenable as equal accuracy in a memory task does not 
imply an equal tax on resources. A potential difference in the verbal interference approach is 
that verbal memory is time-based so can rely on rehearsal, whereas the typical spatial 
memory task does not exist as a series in time so cannot be rehearsed in the same way (Morey 
& Mall, 2012). It has been shown that rehearsal requires attention (Chen & Cowan, 2009; 
Naveh-Benjamin & Jonides, 1984) and therefore, the modality general resources which are 
used for rehearsal may be causing the interference effects rather than language resources.
The results of Experiment 3.1, although preliminary, imply that any studies relying on verbal 
interference may not be sole indicators of verbal influence, although can form part of a 
converging picture.
5.3.3. Cross-cultural effects 
The results of Chapter 4 have several implications for the study of cross-cultural effects, 
Greek basic colour terms as well as the effects of language on perception. Despite some 
evidence of cross-cultural effects on perception (e.g. Roberson et al., 2008; Thierry et al.,
2010), the findings of Chapter 4 imply that there is no linguistieally/categorically determined
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difference in the colour perception of Greek and English speakers. Beeause no behavioural 
or neurophysiological differences between Greek and English speakers’ perception that 
accord with the linguistic difference were found, the results would suggest that the colour 
perception of Greek and English speakers is largely similar at a low level and unaffected by 
the difference in the colour terms commonly used. This means that there may be no 
differences in the perception for Greek and English speakers despite the divergence in basic 
colour terms. This would imply that perception is free from the effects of language, and 
therefore largely universal (given similar visual environments). The findings in this chapter 
could imply that much past exploration into cross-cultural colour categorical perception (e.g. 
Davidoff et al. 1999; Roberson et al. 2000; 2002; 2005; Winawer et al., 2007) may actually 
be an artefact of the method which could rely on memory or response strategy rather than just 
perception. Whilst the XAB task may capture the way participants perceive colours, it also 
captures the way we remember or think about colour, which means that it is not possible to 
know whether it is the way the colours were perceived or remembered. This means that tasks 
that involve a memory component (e.g. Davidoff et al. 1999; Roberson et al. 2000; 2002; 
2005) may not reflect perception in the same way as visual search. In addition, tasks which 
allow slow strategic responding (e.g. Winawer et al., 2007) could potentially reflect later 
response biases rather than genuine perceptual effects. Speeded visual search could tap more 
fully into perception without such response biases by not permitting the slower reacting 
which could be responsible for more strategic responding (c.f. Roberson et al., 2008;
Winawer et al., 2007).
An alternative account for the lack of cross-cultural effects in Chapter 4 is that the ‘basicness’ 
of the Greek blue colour boundary may not be as established as other linguistic boundaries: 
whilst having a monolexemic status, and being generally present for every observer, the 
Greek light blue ‘yalâzjo’ may be subsumed by the dark blue ‘blé’ (Androulaki et al., 2007; 
Athanasopoulos, 2009). Informal interviews with participants suggested that ‘blé’ was ‘blue’ 
and that ‘yalâzjo’ was the term everyone used for all light blues, such as the sky, which 
would not typically be named ‘blé’ on first choice, but were ‘blé’ nonetheless. This is 
problematic for the status of ‘yalâzjo’ as a basic colour term, and should it be the case that 
this affects the presence of a boundary in colour perception then this could explain the lack of 
findings. However, as mentioned before it seems that the repeated use of ‘yalâzjo’ to label 
objects throughout development could conceivably have a similar effect as to any other 
boundary. Androulaki et al, (2007) presented data showing that ‘yalâzjo’ was used
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consistently to label light blue colours. In the light of this, the results support the idea that 
perception is not affected by the structure of language, as it is hard to see a mechanism that 
would distinguish colours that are and are not subsumed under each other.
Lastly, Experiment 4.3 directly challenges the finding of Thierry et al. (2009) which claimed 
to be the first study to find unconscious cross-cultural neurophysiological differences in 
categorical perception despite evidence that the groups attended the task differently. With a 
task designed to minimise attentional differences, no different pattern was found in 
neurophysiological response to the blé/yalâzjo border for Greeks compared with English.
Two major differences between Thierry et al. (2009) and Experiment 4.3 were in the stimuli 
used and the task. Thierry et al. proposed that by focusing attention on a distractor task 
involving the shape of a colour that participants would not be attending to the colour of the 
shape. In Experiment 4.3, the colours appeared further in the periphery and the colour 
differences were smaller. This was designed to control for the effects of attention which were 
apparent in the waveforms of Thierry et al. The lack of evidence here implies that either 
there is no true difference in physiological responding for Greek speakers, or that Experiment 
4.3 was not sensitive enough. Combined with the lack of any behavioural evidence for a 
perceptual effect of Greek blues (outside of a similarity judgement task found in 
Athanasopoulos, 2009, a task which would be highly susceptible to response biases), it would 
suggest that the effects of Thierry et al., may be an anomaly due to participants attending to 
the task in different ways. This means that in further explorations using the vMMN, evidence 
should be taken into account to make sure participants are not attending to the colours and 
that the levels of attention among groups are similar. As mentioned further below, the 
investigation of cross-cultural neurophysiological markers needs to be explored further.
5.3.4, Language and perception.
Overall the findings of the thesis question the theory that language could affect perception via 
top-down mechanisms. However, it is important to discuss why linguistic or conceptual top- 
down effects may be of a different kind to conventional top down effects found in perception. 
Classically, whilst top-down perceptual effects are known to exist, they arise automatically 
and reflect a need to represent the world in a way in which the appearance of a percept is 
taken into aecount alongside its context (e.g. the hollowed-out faee effeet, Gregory 1970). 
Although these effects rely on experience, and are top-down in nature, they are still serving to 
produce a good ‘guess’ about physical reality (e.g. it seems fair to say that faces very rarely 
appear hollow). On the other hand, language induced perceptual effects would not serve any
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purpose of interpreting reality (because linguistic distinctions are not necessarily mirrored in 
physical reality), but instead would serve to adjust perceived reality to accord to a semantic 
level of representation. Consequently, the distinction between classic top-down effects and 
linguistic top-down effects would be that the second would not rely on statistical patterns and 
information from the real physical world. Finding an effect of language would go against the 
idea of perception being constrained by the need to represent the world accurately and 
efficiently. If colour perception is changed by the linguistic environment, then in effect 
people are seeing colour differently in a way which doesn’t reflect what is sensed from the 
physical world. Whilst colour is not a direct property of the physical world, it does emanate 
from physical properties and therefore correlate with them. The visual perceptual system 
may adapt to provide the best possible representation of the information it is receiving, but 
should differenees from language modify it then it opens the possibility that the way we see 
may be strongly governed by information we receive as words. For this reason, it seems 
unlikely that colour perception should be expressly constrained by the linguistic environment 
as it would constitute a departure from the task of accurately representing differences at a 
level which could be potentially meaningful to the organism, asides from conceptual 
similarity. To illustrate why colour perception may not be influenced by language it is 
possible to compare it with auditory perception. Categorical perception has been strongly 
demonstrated in the auditory domain for phonemes; children leam the patterns in vowels and 
consonants of their parents, and filter all subsequent speech sounds through these categories. 
Whilst on the surface this suggests that categorical perception is being transmitted by 
language, importantly, it is not learnt via an association between the signified topic (e.g. a 
particular phoneme) and the signifier (e.g. phonemes by themselves have no meaning).
Rather, the auditory environment of the child contains a much greater number of phoneme 
sounds which correspond to the linguistic environment in which they are bom, and in fact 
they are producing a representation of the world which corresponds to the statistical variation 
they are exposed to. There is no need for a higher level area which deals in semantic 
meaning to cause categorical perception in the lower perceptual area, because the categories 
are ‘out there’ in the environment. As well as fundamentally changing our conception of 
perception, to find a tme effect of language on perception would be a highly novel finding 
and suggest a far greater ability for interaction between different levels of representation in 
the brain. For these reasons any claims of a linguistic influence of perception must be 
explored very fully, and the general finding of this thesis has been to challenge these. Overall 
the results of this thesis imply that there is no effect of language on colour perception as is
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consistent with the idea that perception is attempting to represent what is really sensed as ‘out 
there’.
5.5.5. Broader Implications
There are further broader implications to the debate about language and thought. Several 
theorists have sought to explain Whorfian effects of language on perceptual tasks such as the 
visual search task of Gilbert et al. (2006). The ‘dual-code’ theory suggests that decisions 
about whether the target and background are the same are made by simultaneous coding of 
both perceptual and linguistic information, and that when the eodes conflict, slower reaction 
times occur (e.g. Roberson & Hanley, 2010). This theory does not suggest that codes in 
perception are being actively altered by codes in the language areas, but a similar ‘top-down 
labelling’ theory relies on the idea that language may influence perception in a top-down 
manner (e.g. Lupyan, 2012). The results presented here have implications for both theories.
It could be said of the dual code theory that it is not truly perceptual; the perceptual code 
remains unaltered by the later language code, with presumably both influencing a later 
response stage. However, the finding that the lateralised Whorf effect may not involve 
language codes suggests that the dual code theory may not be applicable to speeded visual 
search tasks. Rather, this theory may be more appropriate to explain memory and response 
strategy based effects, such as the cross-cultural studies mentioned previously which use the 
XAB task (Davidoff, Davies & Roberson, 1999; Roberson, Davies & Davidoff, 2000; 
Roberson, Davidoff, Davies & Shapiro, 2004; 2005). These results can be explained by 
postulating that the participants do not perceive the colour in a different way due to their 
different languages, but rather they just remember the colours which match their categories 
more easily. In contrast, visual search is generally believed to rely on parallel processing in 
pre-attentive colour areas rather than higher-order brain areas (Wolfe, 1998; Carter, 1982).
Whilst the results presented here do not directly attack the dual-code theory’s suitability for 
accounting for various effects that rely on memory, they do challenge the on-line labelling 
theory of Lupyan (2012). This theory makes the strong claim that “visual processing ... is 
affected by non-visual properties - the conceptual relationship between the stimuli that are 
being evaluated” (Lupyan, 2012, p8). The experiments in this thesis show no evidence that 
the conceptual relationship between colours (namely the category status) is affecting 
perception. More specifically, the results here directly question the theory that it is 
conceptual dissimilarity which causes faster responding for between-category colours in 
perception, and instead suggest that concepts only come into effect at later response selection
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phases. Also, Chen and Proctor (2012) demonstrate how Lupyan’s (2010) findings that 
conceptual information influences perception can be explained by competition at a later 
response stage, which suggests that perception in general may after all not be subject to 
influences from concepts. In order to demonstrate true ‘conceptual penetration of visual 
perception’ further evidence must be sought that cannot be explained by non-perceptual 
means.
5.4. Unresolved issues and suggestions for future research
From the data contained within the thesis alone, it is not possible to resolve all issues about 
whether language affects colour perception. Experiments 2.4 and 2.5 attempt to address a 
possibility that the lateralised Whorf effect may be caused by bias in spatial attention. 
However, there is still a possibility that language is causing some of the effect in Experiment 
2.1 as well as the original effect of Gilbert et al. (2005). Reasoning along the lines of 
Occam’s razor suggests that because Experiments 2.2 and 2.3 found a latéralisation without 
any involvement of language, no language is likely to be responsible for the original 
lateralised Whorf effect. However, despite this, it is still possible that language may be 
responsible for some of the effect, above and beyond what may be occurring without 
language influence: there may be two simultaneous causes. This seems quite unlikely given 
the extensive studies which have shown an absence of the effect in controlled conditions (e.g. 
Witzel & Gegenfurtner, 2011). However, to test this, since the language hypothesis rests on 
language areas being lateralised, one possibility would be to explore any associations 
between an individual’s bias on blocks of the visual search task with and without linguistic 
boundaries, as well as a language latéralisation task such as word identification. In addition, 
as there is evidence that individuals have a characteristic bias towards one of the hemispheres 
(Heller, Banich & Burton, 1983), it would be illuminating to collect an independent measure 
of hemispheric attention bias, to see whether this is correlated (e.g. Spencer & Banich, 2005). 
Although right hemisphere language dominant participants are rarer, this would offer stronger 
evidence that it was related to some kind of latéralisation, although it would not necessarily 
prove it was language causing the effect (as it could be another function which is similarly 
swapped).
Another way to separate the two possible causes (attention or language) would be to fully 
control attention. A task which could possibly achieve this would be a present/absent version
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of the visual search task in which the side in which the target may appear is known to the 
participant. By using an eye tracker in order to ensure that participants are fixated, this task 
would afford greater control of attention as well as fixation. Instead of participants having to 
respond to which side the target appeared (therefore having competition between which 
hemisphere has more attention), they simply respond as fast as they can to present targets. If 
between-category targets are responded to more quickly in the RVF relative to within- 
category targets, then this would support the Whorfian account. However, if  when attention 
has been directed to the correct side and participants do not show any pattern of latéralisation, 
then this would be more evidence that the effect is due to transient attentional factors.
A question still remains as to whether information about a colour’s category per se is 
represented in both hemispheres or only in the LH associated with language: it is possible 
that the LH represents category information for both visual fields (without this being 
detectable by visual search times). One possibility here would be instead of searching for a 
reaction time advantage for RVF between category comparisons, to search for evidence of 
inter-hemispheric cooperation. A possible method which could be modified for this use has 
been used in a number of studies (alphabetic Weissman & Banich, 2000; geometric: 
Weissman & Banich, 1999; face: Compton, 2002) in order to measure the level of inter- 
hemispheric processing (Banich & Shenker, 1994). Classically with this method participants 
are shown three stimuli, two in the top half of the display with one in each hemifield and a 
third in the bottom half either on the right or left. The participant has to decide whether the 
lower stimulus is the same as any of the stimuli above it. If the two matching stimuli are in 
the same visual field then it is assumed that information is reaching each hemisphere at the 
same time. If the matching stimuli are in different visual fields, then inter-hemispheric 
communication must necessarily occur to correctly complete the task. This task could be 
modified simply with a design consisting of within- and between- category colour distractors 
to see if there are any asymmetries in the flow of colour information between the 
hemispheres. In addition, a modification to the rules could involve selecting the target which 
has the same category. The results of this experiment could go some way to answering the 
question of whether knowing whether two colours are in the same category needs access to 
the LH.
A major issue is whether the category effect found in these studies is categorical at all, in the 
light of studies which have shown that the colour spaces used to equate the differences do not 
align with just noticeable differences (Witzel & Gegenfurtner, 2011) or can be explained by
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properties of low level colour channels (Brown et al., 2011). One of the problems with 
defining categorical perception is in choosing a suitable baseline to measure categorical 
behaviours against. Using a perceptual metric such as CIELAB or using discrimination 
thresholds is one possible solution, but both have a limitation: the perceptual metric could 
have the categories built in to it. That is, relative to a physical stimulus (or another more 
fundamental metric), thresholds may have maxima around boundaries (as is suggested by the 
results of Danilova & Mollon, 2012). This would make finding categories difficult due to the 
circularity of searching for evidence of categorical phenomena in a continuum that is already 
warped by them. One possible way to circumnavigate this is by postulating a physical 
continuum to measure categorical perception by (such as wavelength of monochromatic 
light) but this becomes complicated as in reality an infinite number of possible combinations 
of wavelengths can produce the same colour, and calculating the relative responses of the 
three cones would suffer from the same limitation as a perceptual metric. Another possibility 
is to bypass the idea of measuring categories relative to a baseline in another modality and 
instead look for evidence of fuzzy categories within a single task (such as visual search). The 
measurements at one level of separation (on an arbitrary metric) could provide the baselines 
for measurements at a further level of separation. With fuzzy categories, membership of a 
category is not dichotomous but rather it holds a continuous value. So colours which are 
close despite crossing a boundary would not actually change membership particularly 
saliently. However, more distant colours that cross a boundary would change membership 
more saliently, and this distance may reveal the effect of categories.
As a result of Chapter 3, it is no longer appropriate to draw strong conclusions from verbal 
interference studies as there is no suitable control for the differential effects of shared 
resources by tasks in different modalities. To demonstrate this, the effects on visual search 
times amongst different levels of general working memory load could be explored, with high 
levels (introduced by having more items) of spatial working memory load. Finding an effect 
of non-verbal memory on visual search would be strong evidence that there is no particular 
aspect of language which is causing the effects (which are rare). Alternatively, transcranial 
magnetie stimulation (TMS) could be used to explore similar effects without the problem of 
effects on general working memory load. In TMS, a brain area is subject to a strong 
magnetic pulse which temporarily renders it essentially inactive. Applying TMS to the 
language area and observing its effect on visual search across colour categories could reveal 
whether these areas are contributing to the category effect.
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The results of Chapter 3 generally present a problem for using interference tasks to infer 
language involvement. Gilbert et al. (2006) was the only study to find an effect of verbal 
interference on visual search. However, as noted in Chapter 3 discussion, one aspect of their 
design that is largely unexplainable is why the category effect appears to completely reverse 
in the RVF. It would be illuminating to perform an exact replication of Gilbert et al. (2005) 
with a condition in which eye movements were controlled versus un-controlled. In the 
original study, within-category colour pairs included changes in overall luminance (4.2 
cd/m^), which were not there for the between-category pair (0.5cd/m^). This fact alongside 
the possibility that verbal interference could conceivably generate eye movements could 
perhaps explain why these particular effects were found. Because colour vision declines 
outside the 10 degree parafoveal region (Fairchild, 1998; Hansen, Pracejus & Gegenfurtner, 
2009) any stimulus presentation outside this region could cause serious confounds when 
luminance changes are convolved. This is because if hue information is worsened then the 
sensitivity to changes in luminance contrast would become more salient in comparison (e.g. 
Hecht, 1987; McKee & Nakayama, 1984) which would potentially cause a confound if 
participants are not strictly centrally fixated. A controlled version of the task was performed 
by Witzel and Gegenfurtner (2011) which found no effect of verbal interference, but it would 
be nonetheless informative to observe the original finding.
One of the possible reasons for the lack of effects found in Chapter 4 is due to the 
controversy surrounding the basic nature of the Greek blues boundary. A similar set of visual 
search experiments could be performed on the Russian sinyj/goluboj boundary which does 
not suffer from such controversy around its basic nature (Paramei, 2005). As mentioned 
before, a cross-cultural difference in reaction times to colours across this boundary can be 
captured by a XAB task (Winawer et al., 2007). It may be that this boundary will also 
present itself in visual search in a manner similar to Roberson et al. (2008) with Korean 
greens, nevertheless, steps would need to be taken to ensure comparable reaction times. One 
possibility to ensure this would be to present stimuli for a shorter period of time (e.g. 200ms) 
instead of until a response is made. The long presentation times of Roberson et al. (2008) 
could be partly responsible for why Korean participants took much longer than English, since 
it would allow for later response stages to have more an influence on the decision. In 
addition to visual search tasks, the vMMN to sinyj/goluboj changes could be explored, to see 
whether this is present as would be suggested by the results of Thierry et al. (2009).
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In addition, for future research, it would be more fruitful to either compare just monolinguals 
or provide control over the degree of language learning. Athanasopoulos (2008) has shown 
that the Greek colour boundary changes with English acquisition and Athanasopoulos, 
Dering, Wiggett, Kuipers and Thierry (2009) have shown that this finding may also affect 
brain potentials. Whist studying bilingualism is important in its own right, for the purpose of 
inferring language involvement; monolingual participants could make for a simpler 
theoretical argument to aecount for when effects are found or not found. Alternatively, more 
control can be provided by including a measure for all experiments such as proficiency in an 
English test (as in Experiment 4.3) or years spent in an English speaking country (as in 
Athanasopoulos, 2009, 2010).
It is also possible that the perceptual distance between the colours in Experiment 4.3 (the 
ERP task) were too close together therefore not creating a strong enough signal to observe a 
vMMN. This could be further confounded by the fact that the location of the boundary 
appears to vary quite considerably fi-om participant to participant. Whilst the closeness of the 
colours was necessary for the colour changes not to capture conscious attention (and the lack 
of a behavioural effect was evident from larger separation sizes), alternative methodologies 
could be employed to explore possible physiological markers of categorical perception in the 
Greek blue colour boundary, which would also be applicable to other colour boundary 
differences. One possibility would be to widen the colour difference and include a yet more 
engrossing distractor task. Another that has not been fully explored yet would be to explore 
an alternative marker such as steady state visual evoked potentials (ssVEP) which are known 
to emanate from early visual areas in response to colour changes (Muller, Anderson, Trujillo, 
Valdes-Sosa, Malinowski & Hillyard, 2006). An ssVEP methodology involves presenting 
simultaneous areas of stimuli which are flashing at particular frequencies. By observing the 
amplitude at the frequencies in which the stimuli are flashed, inferences can be made on the 
relative strengths of the visual changes (with attention both on and away from the stream). 
One of the strengths of the ssVEP is the relatively high power compared to the equivalent 
length of time collecting data with the standard ERP technique. With a cross-cultural design 
involving colour changes within and across a colour boundary, any differences coinciding 
with the boundary could be observed (with attention included as a further factor which may 
or may not modulate any colour boundary representation).
Finally a cross-cultural fMRI study could explore whether for the same colours, different 
patterns emerge during visual search for different languages. Zhou et al. (2010)
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demonstrated that some well-known language areas were more strongly activated during 
visual search for categorically different stimuli. However, it would be enlightening to see if 
this finding applied to boundaries which differ between two groups of participants. For 
instance, English and Korean participants could be scanned whilst performing visual search 
involving the Korean green-yellow / green boundary (i.e. Roberson et al., 2008) and if it was 
found that there was increased activity in language areas for Koreans but not English, then 
this would be stronger evidence that language is involved in the visual search task.
Despite some issues remaining to be examined before fully ruling out a language explanation 
of colour categories, the results presented here suggest that research should also be directed 
into expanding the theories of colour categories which do not rely on language. So far, the 
best attempts to link categories to aspects of the visual system have been by Philipona and 
O’Regan (2006) and Vazquez-Corral et al. (2012), who demonstrated that the location of 
colour categories can be predicted from properties of the visual receptors. Predictions made 
by these models should be tested against empirical data from observers with anomalous 
vision types, as well as alongside findings such as those of Jordan and Mollon, (1995) who 
found that the location of an individual’s unique green appears to be affected by the lightness 
of the iris. Jameson and Hurvich (1978) demonstrated that dichromats (people with just two 
cones for detecting colour) attempt to match trichromat naming patterns. However, when 
free sorting colours they make systematic errors which could be interpreted as a different 
system of categories than the one in language. Should the models (adapted to dichromatic 
vision) of Philipona and O’Regan (2006) and Vazquez-Corral et al. (2012) be able to predict 
free sorting patterns, then it would be strong evidence that categories do emerge from visual 
receptor properties.
Finally statistical models such as that of Yenrikhovskij (2001) can be tested in a cross- 
cultural setting. For instance Webster et al. (2002) demonstrated that the colour boundaries 
of observers in India and the United States were systematically shifted, for which variation in 
the statistical distribution of light could potentially be an explanation. Similarly, Laeng et al. 
(2007) found systematic shifts in the colour perception of individuals bom north of the arctic 
circle which coincides with extreme variations in illuminant. Future research could look for 
systematic variation in colour category sorting as well as categorical perception boundaries 
which would correspond with different perceptual sensitivities created by the variation in 
perceptual light. If the structure of individuals’ colour categories can be linked empirically to 
the statistical variation of light, then this would be strong evidence that colour categories are
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constrained by the input to the visual system (as well as by the structural properties of 
sensory receptors and early visual pathways).
5.5. Conclusions of thesis
This thesis investigated the influence of language on colour perception. The experiments find 
no support for the case that language can have an effect on perception. There are three main 
findings: first, RVF lateralised category effects in visual search are not necessarily markers of 
language involvement. This means that studies which have presented lateralised categorical 
effects in visual search are not reliable evidence for the involvement of language in colour 
categorical perception. Second, verbal interference is not a reliable method for implying use 
of language brain areas. This suggests that studies employing verbal interference are 
inadequate evidence for language involvement, due to the different cognitive loads of verbal 
and spatial interference tasks. Third, there is no reliable evidence for cross-cultural 
differences in categorical perception for Greek and English speakers. This could be due to 
the less basic nature of the Greek blue category boundary or because there is no effect of 
language on colour perception during visual search or unconscious change detection. These 
issues necessitate further exploration with other more established colour categorical boundary 
differences with other languages. With no reliable evidence remaining for categorical effects 
on perception as a result of language, it seems that our understanding of the way we see 
colour is more likely to emerge from theories involving natural scene statistics or the 
properties of the visual system. So despite some authors claiming that it is “established that 
native language affects one’s perception of the world” (Thierry et al., 2009, p4567), perhaps 
we see the world unfiltered by language after all.
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